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In spite of all the research that has 
been done to explain the mechanism back 
of sick headaches,’ migraine is still one 
of the most poorly recognized, poorly 
understood, and poorly treated of all the 
common tormentors of mankind. Today, 
although we physicians know that the 
cause of the disease is a hereditary pre- 
disposition, that the “storm” arises in 
the brain, and that the digestive tract is 
upset only secondarily, we go on acting 
as if we still believed that we could find, 
somewhere in the patient’s body, a local- 
ized cause for all the headaches. Perhaps 
in desperation or because the patient and 
her home physician expect it, whenever 
a woman with a perfectly typical story 
of migraine comes in, most of us internists 
promptly put her through the whole diag- 
nostic mill again, even when she brings 
with her a sheaf of negative reports just 
given her by some able consultant. 

Surely, this is not logical, and, surely, 
we ought to be able to do something more 
useful for the woman than this. If, as 
[ shall show in this paper, the frequency 
with which attacks of migraine come, and 
their severity, depend largely on the 
woman’s psychic makeup and on the 
amount of strain under which she lives, 
then we physicians should be spending 
most of the time we can give her in study- 
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ing her life problems and advising her 
about them. Furthermore, we should 
keep remembering that even if the tests 
and examinations we order were to reveal 
something locally wrong and this were to 
be corrected, the chances are great that 
the migraine would not be much improved. 
I learned this 35 years ago when, in my 
youthful enthusiasm, I promised a mi- 
grainous woman that if she would part 
with a gall-bladder full of stones she 
would be well. She had the operation, 
and the minute she got back home to 
face a family row, she had one of the 
worst sick headaches of her career. Since 
then I have seen hundreds of such women 
who had parted with appendix, gall- 
bladder, uterus, tonsils or teeth without 
getting help. Evidently the way to a cure 
rarely lies along that road. 

Every physician who would treat mi- 
graine with some degree of success must 
realize and keep remembering that the 
trouble is an inherited nervous makeup 
“which is as definite a part of the economy 
of a person as the color of his eyes.”” 
This predisposition is likely to remain for 
the duration of life no matter how many 
operations are performed or how many 
drugs are given. No one today with a 
good understanding of migraine would 
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ever hope to work a “cure” with any 
drug or regimen. 

THE HEADACHE IS ONLY ONE OF THE 
Micratnous Person’s TROUBLES. Years 
ago, a woman helped me to get the proper 
understanding of the problems of the per- 
son with severe disabling migraine when 
she said, “ Why do you keep talking about 
my headaches? I am not so concerned 
about them. I know how to avoid many 
of them, and I can stand the rest. What 
I want you to see is that even if I were 
to lose the headaches, I'd still be far from 
well. What I desire to be rid of is this 
tenseness and nervousness, and _ particu- 
larly this easy fatigability and sickliness 
which have limited my activities ever 
since I was a girl. I want to be able to 
keep an engagement after I make it; | 
want to be able to keep up with my strenu- 
ous husband; I want to be able to go on a 
trip with him without having to cave in 
and rest up every few days, and I want 
to be able to stand a bit of excitement or 
worry or loss of sleep. I want to be rid 
of these awful days when I am depressed, 
detached from the world and half alive; 
to sum up, I want to be made over into a 
normal, strong human being.”’ 

Since that day I have come to see more 
and more clearly that the essential attri- 
bute of the typically migrainous person 
is his or her peculiar physical and mental 
and spiritual makeup. After studying 
hundreds of women with this disease, | 
am impressed with the fact that in most 
cases they are unusual persons, above 
the average in intelligence, with a dis- 
tinctive personality, and often a distinc- 
tive appearance; sometimes so distinctive 
that one can suspect the nature of the 
trouble the minute the individual walks 
into the office. I keep saying “woman”’ 
because most of these patients are women. 
If, as Allen’ claimed, the sons of migrain- 
ous parents inherit the tendency equally 
with the daughters, they must have an 
easier time with it because it seldom causes 
them to consult a physician. 

THE NaTURE OF THE MIGRAINOUS 
Woman. My impression is that the 


PERSONALITY AND CONSTITUTION 


migrainous woman tends to be somewhat 
short of stature, with a trim, well-propor- 
tioned body, better than average looks, 
and skill in dressing well. Her eyes are 
bright and expressive, her face is intelli- 
gent, and her responses and movements 
are quick. 

The physician should learn to recognize 
these women because in the office so few 
of them think to mention the fact that 
they have or have had sick headaches, 
and some even conceal the fact; a few are 
so resentful of their handicap and the 
fact that it causes them to break engage- 
ments at the last minute that they will 
even deny its existence. Most of them, 
when giving their history, tend to ramble 
on about what this doctor said and that 
one prescribed until all the internist can 
conclude is that the trouble is probably 
some sort of a neurosis. It is well, there- 
fore, if he can promptly recognize the 
migrainous facies and personality because 
then he can ask about sick headaches, 
and once the woman has admitted that she 
has them, he can quickly draw out the rest 
of the story. Then, because the migrain- 
ous tend so strongly to suffer in certain 
ways, the whole problem of diagnosis and 
treatment will be greatly clarified. In 
some cases in which there are no head- 
aches at all he can draw out a story of 
so typical a temperament, so typical a 
family history, and perhaps so typical a 
cyclic vomiting in girlhood that he can 
be fairly certain about the migrainous 
nature of a hitherto puzzling abdominal 
distress—enough so as to save the woman 
from a futile exploratory laparotomy. In 
many a case he will quickly see that the 
woman’s migrainous makeup can easily 
explain her life-long frailness and poor 
health, her tendencies to fatigue, faintness, 
dizziness, nausea, or gastric stasis, and her 
occasional days of depression. 

Years ago, I was often unable to decide 
whether or not a certain headache was 
migrainous because I studied it as an 
isolated phenomenon. Perhaps I was 
puzzled because the pain was on both 
sides of the head or in the back of the 
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neck, or it was not preceded by a scotoma 
or followed by vomiting. Today, I often 
diagnose migraine with a fair degree of 
certainty just because the patient is a 
typically migrainous person who getseher 
queer spells in a typically migrainous way 
after becoming tired or tense. or upset. 

The following clinical picture is based 
on my observations made during a study 
of more than 500 patients with migraine, 
most of them women. To avoid: bias, 
I waited until I was done to reread the 
outstanding papers of H. G. Wolff,!°™ 
and to go over other good studies of the 
migrainous personality by Moersch,> Tou- 
raine and Draper,* Knopf,’ Slight’? and 
Trowbridge, Cushman, Gray and Moore.’ 
I was then much impressed with the close- 
ness of agreement of my observations 
with most of those made by the other 
investigators in this field. Strangely, 
women with migraine are often more like 
other women with migraine than they 
are like their own sisters. 

THE OvuTsTaANDING CHARACTERISTICS. 
The outstanding characteristics of the 
migrainous woman are her hypersensi- 
tiveness, her quickness of thought and 
movement, and her tendency to get tense, 
to worry, to tire easily, to wilt suddenly 
and to sleep poorly. Usually, she is a 
perfectionist who works fast and accu- 
rately and likes to push other persons 
along to work fast with her. Anything 
out of the ordinary is likely to upset her. 
As one woman said, “When a child, I 
never got to a picnic because I always got 
sick from anticipation.”” Another said, 
‘“T never packed my bags to go on a trip; 
mother had to do it because I was too 
busy vomiting from excitement.” Natur- 
ally, then, the migrainous woman is a 
poor traveler and sightseer; she must not 
shop too long, and she must avoid bustle, 
noises, bright lights and smells. In a 
restaurant she wants quiet, dim lights, 
and a table far removed from the orchestra 
and the kitchen door. She dislikes crowds, 
and hence she usually avoids functions. 
She is usually so sensitive to light that 
I suspect migraine the minute a woman 


starts shading her eyes and blinking at 
my office window. 

Easy Fatigability. Perhaps the greatest 
curse of the migrainous woman is her 
easy fatigability, which is probably in- 
born and due to her peculiar nervous 
system. This is shown by the fact that 
often it comes in girlhood before the 
headaches, and persists in later life after 
they have left. Characteristic of migrain- 
ous fatigue is the suddenness with which 
it overwhelms the victim: one minute she 
may be enjoying some shopping and the 
next she may be so exhausted that it is 
an effort for her to get to the street and 
into her car. 

Much of the fatigue of these women is, 
of course, brought on by the distress 
which results from their abnormal sensi- 
tiveness and the intensity with which they 
react to happenings in the world about 
them. This acute and sympathetic re- 
sponsiveness gives them much of their 
charm but it costs them dear. For in- 
stance, a usually calm and sensible mi- 
grainous woman, on*answering the tele- 
phone, was told that a certain city was 
alling. Instantly fear struck at her heart 
because her daughter and grandchildren 
lived there. Surely, the child_must be 
very ill. By the time the circuit was 
completed and she learned that it was a 
business call for her husband, she was so 
tense that she slipped on into a headache. 

Naturally, when throughout the day 
many such stimuli keep beating in so 
intensely on her brain the woman must 
get tired. She gets tired from putting too 
much emotion and concern into little 
things. Her desire for perfection causes 
her to overwork. Her house must be 
spotlessly clean and run just so, and 
commonly she goes over again what has 
just been done by her maid. More fatigue 
is caused by her tendency to hurry, and 
to try to do several things at once, or by 
concern and tension over the work which 
she sees waiting to be done. Thus a 
woman bankte'ler with migraine always 
began to go to pieces nervously when the 
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line in front of her window got beyond a 
certain length. 

More trouble arises because, with her 
high degree of intelligence, her tendency 
to think clearly, her faculties of leadership 
and her willingness to assume responsibil- 
ity and to bear it conscientiously, the 
migrainous woman usually has dumped 
on her all the burdens and worries of her 
family group. She is the one to whom 
they all go with their problems and sor- 
rows. In addition she often carries too 
big a load of leadership in clubs and civic 
and charitable organizations. 

More fatigue comes because with her 
tenseness and her abnormal awareness of 
everything going on about her, the mi- 
grainous woman is often a poor sleeper 
who tosses about and wakes frequently 
during the night. 

Tenseness. As already noted, a promi- 
nent characteristic of the migrainous 
woman is her tendency to get tense even 
from thinking of doing something. Some- 
times she gets so tense from planning a 
dinner party that by the time the guests 
arrive, she is in no condition to greet 
them, let alone to sit down to eat with 
them. This story is so typical that the 
minute I hear it, I have little doubt about 
the diagnosis of migraine. Because of the 
great tenseness of the nuchal muscles, 
many a woman’s sick headaches start at 
the back of the neck. If these persons 
could only learn to work and think with- 
cut getting tense many would be well. 
Curiously, some of them get their attack 
when a strain lets up, as at Saturday noon 
time and then they may speak of a “let- 
down headache.” 

Twilight Spells (Diimmerzustiinde, Dys- 
phrenia Hemicranica Transitoria). The 
typically migrainous woman has days in 
which she is a bit depressed, apathetic, 
dazed or confused, uncommunicative, dis- 
connected from the world about her, and 
utterly miserable, much as if she were 
in a migrainous attack without the head- 
ache of the nausea. In such spells she 
usually has little desire for food, or abil- 
ity to eat it. She may be able to do some 
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work but she pays little attention to those 
about her. To illustrate, 1 day when in 
such a spell, a young woman met her 
favorite uncle on the street. Nodding 
casually, she walked on. Astounded and 
puzzled, the uncle followed and asked for 
an explanation. All she could say was 
that, dazed and miserable, she had been 
in no mood to stop and talk. On another 
day she, usually a delightful hostess, 
treated a week-end guest so diffidently 
that he felt he must in some way have 
offended and that he had better pack and 
go. Fortunately, shortly after noon she 
began to come out of the haze in which 
she had been living, and soon she was her 
merry and charming self again. 

An Element of Masculinity. Although 
in most ways the migrainous woman is 
decidedly feminine and sexually attrac- 
tive, she often has a masculine element in 
her nature which causes her to act inde- 
pendently and to think dispassionately 
much as does an able businessman. She 
has little patience with the small talk of 
the average uneducated woman, and 
prefers to chat with well-informed men 
about the important problems of life. 

MariTaL PROBLEMS OF THE WOMAN 
Wirth Severe Micrarne. According to 
some writers, many women with migraine 
fail to make a good marital adjustment; 
they either do not love deeply or they 
love more with the brain than with the 
heart and body. My impression from the 
histories given me is that most migrainous 
women are normal sexually and that when 
they are unhappy in marriage, it is usu- 
ally because they are not in love with 
their mate. The migrainous woman is 
often dissatisfied with what by most of 
her sisters would be considered a good 
husband, and this is due to her great 
desire for perfection and for a life lived 
richly, beautifully, eventfully and roman- 
tically. The fact that the mate is a good 
provider, steady, kind, and devoted is 
not enough to bring her contentment. 

Because of her peculiar temperament 
and frequent illnesses, and hence her 
great need for kindly, sympathetic and 
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understanding care and consideration, the 
migrainous woman who is more than usu- 
ally frail and sickly must find an angel 
and a good provider for a husband, and 
it is remarkable how often she succeeds 
in doing just this. Naturally, when she 
marries too early, before she knows what 
a kind, devoted, self-sacrificing and un- 
demanding type of companion and male 
nurse she will need, she sometimes makes 
a bad choice; she picks a glamorous scala- 
wag, and then she must either get a 
divorce or spend the rest of her days un- 
happily. In such case the woman’s men- 
tal distress and her inability to decide 
what to do about the marriage commonly 
account for the frequency with which the 
headaches keep coming. 

But even when she gets her “angel” 
she is sometimes unhappy because, in 
order to secure the essential attributes of 
kindness, indulgence and financial stabil- 
ity, she may have had to give up other 
attributes which she had long dreamed of 
in her Prince Charming, attributes such 
as physical and sexual attractiveness, 
colorfulness, masterfulness and lover-like 
ways. Not infrequently, the man she 
gets is inarticulate and without skill in 
the ways of making a woman happy. In 
some cases he depends on her too much 
for decisions and encouragement; in others 
she finds he is beneath her in intelligence 
or ability, and that bothers her. At any 
rate, he never succeeds in winning her, 
and in secret she keeps grieving and wish- 
ing that she could be unkind enough to 
leave him. 

The husband is usually satisfied with 
his bargain because his wife, when well, 
is such an interesting and delightful com- 
panion that he is willing to put up with 
the inconvenience and expense of her 
many illnesses. As he says, he would 
rather have what little he gets from an 
unusually attractive woman than much 
more from an ordinary woman of no dis- 
tinction. 

Micratnous TEMPERAMENT IN MEN. 
Study of a number of migrainous men has 
shown me that they, too, tend to have the 
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temperamental characteristics noted in 
the women. Most remarkable as an ap- 
parent exception that “proved the rule”’ 
was the case of a stocky uninteresting- 
looking farmer who complained of many 
symptoms. I could hardly believe my 
sars when he told me he suffered from sick 
headaches, with a scintillating scotoma 
and nausea and vomiting. He did not 
look the type, but soon I found that, 
except for the lack of high intelligence and 
social charm, he was typically migrainous. 
He had always been nervous, overly irrit- 
able, and prone to fatigue quickly. After 
half a day’s work he had to go to bed. 
He slept poorly; he was often tense and 
jittery, and then sometimes he suffered 
from curious abdominal pains. He was 
typically hypersensitive to light and 
sounds, and his subcutaneous tissues 
everywhere were abnormally sensitive. 
He could not read much because his eyes 
tired so quickly, and he was too nervous 
to talk long to anyone or to go into a 
crowd. He had the typical desire to get 
his work done quickly and well, and he 
had the “ half-alive days.”’ 

Tue Hanpicap oF AN AppITIONAL IN- 
HERITANCE OF ALLERGY, HYPERTENSION, 
DyYSMENORRHEA OR PsycHopaTHic 
orDERS. Much of the literature on mi- 
graine is confusing because the writers 
did not see that the severity of the dis- 
ease and the clinical picture it presents in 
an individual is often modified by the 
addition of a second harmful inheritance. 
Thus some allergists, on finding sick head- 
aches afflicting many of their patients, 
jumped to the conclusion that migraine 
is simply a manifestation of allergy, while 
others, on finding sick headaches, more 
than usually frequent among persons with 
hypertension, might well have assumed 
that migraine is a manifestation of high 
blood pressure. Actually, I always think 
of the migrainous storm in the brain as 
being like a mousetrap set off by a trigger. 
Allergy is just one of the things that 
can spring the trap, and hypertension is 
one of the things that can set the trigger 


“ 


t 
Tr 
d 


6 ALVAREZ: 


THE MIGRAINOUS 


so finely that the trap can almost go off 
by itself. 

Mild Forms of Migraine Can Be Intensi- 
fied. 
my bright-looking women patients if they 
have ever had sick headaches, I 
learned that there are many who have had 
migraine in a form so mild or they have 
had the attacks at rare intervals 
that they do not think to mention them. 
Others, as Buchanan pointed out, doubt- 


During recent years, by asking all 


have 


such 


less carry latent a tendency to the disease. 
They resemble those many typically epi- 
leptic persons who never have had a fit. 
Other migrainous persons have enough 
bad genes to get the temperament and to 
have brilliant scintillating scotomas but 
never the headache or the nausea. Now, 
just let a woman with such a slight ten- 
dency to migraine get some extra handi- 
cap or sensitizer such as rising blood pres- 
sure, or great psychic strain, and soon 
severe headaches may be upon her. 

It is true that a high percentage of 
migrainous persons are markedly allergic, 
but I think their sensitivity to dust, pol- 
lens and foods is part of their exaggerated 
sensitivity to all stimuli. That migraine 
is not just a manifestation of allergy 
should be 
watched many of the victims continuing 
after they 


obvious to anyone who has 
to have sick headaches long 
have identified all offending and 
eliminated them from the diet. Evidently 
these foods constituted only some of the 
triggers that could start an attack, and 
after they were gone plenty were left such 
as fatigue, excitement, worry and tension. 


foods 


A common one is menstruation, especially 
when it is accompanied by the somewhat 
psychopathic that 
ushers in the period in the case of severe 
migraine. 
constipation, and probably still less com- 


tension occasionally 


Less common as a trigger is 
mon is eyestrain or imbalance of ocular 


muscles. 
As one 


of the 
persons with the severest forms of migraine 
owe their desperate situation to the work- 
ings of an added psychopathic inheritance. 
This has caused them to wear themselves 


would expect, many 
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down with inner conflicts, unhappiness, 
frustration, needless worries and difficul- 
ties in adjusting to life and to contacts 
with persons round about them. Often 
the woman gets herself into a miserable 
state fretting over silly scruples, fighting 
compulsions or spending half the night 
trying to make a simple decision. Perhaps 
because of a somewhat dual personality, 
she will get worn out with the struggles 
between her fine, gracious, kindly and 
idealistic self and perhaps a spoiled, bitter- 
tongued, self-centered, short-tempered, 
vindictive or steely-hard self. 

Whenever I see a woman who is having 
more than 3 bad headaches a week, I am 
that either she fits into 
this psychopathic group or else, somehow, 
Either she is 
carrying burdens of work or responsibility 


almost certain 
she is misusing her brain. 


much too heavy for her, or she is struggling 
with a life problem she cannot solve, or 
she does not get enough rest, or all through 
the night she keeps thinking in squirrel- 
cage-fashion; or to paraphrase Omar, she 
evermore comes out by the same door as 
in she went. 

In the case of many a woman, migraine 
is extra severe and disabling because she 
inherited a frail and sickly body, too weak 
to stand up properly to the strains of life. 
Often she has defective and poorly func- 
tioning pelvic organs, and the dysmenor- 
rhea, severe monthly storms, and perhaps 
fatigue resulting from a series of opera- 
tions are likely to add to her susceptibility 
to headache. As everyone knows, in many 
cases the alternate cycles of secretion in 
the pituitary body and the ovary have 
much to do with determining when the 
headaches come, perhaps because they set 
the trigger more finely. 

In these many cases with several bad 
inheritances it is only a wise old clinican 
who can hope to unscramble the compli- 
cated story into its several components. 

THe Micrarnous TEMPERAMENT AND 
THE TREATMENT OF THE Disease. A 
knowledge of the migrainous woman’s 
temperament and usual life problems helps 
tremendously when it comes to the matter 
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Knowing what her beset- 
ting sins and sources of distress usually 
are, the physician is likely within } hour 
As I 
have pointed out, often there is a secret 
story of unhappiness or strain, and only 
by getting the patient to confide it to him 
can the physician hope to help her. Often 
he can help by assisting her to decide 
finally what she is going to do about a 
difficult situation in home or office. He 
will help also by teaching her to rest her 
brain, to avoid tenseness, and to get mental 
Often if she can 
only get a good long rest in the country 
or in the home of a loved relative, the 
trigger will get set so firmly that for 
months nothing can trip it. 


of treatment. 


to get to the heart of her problem. 


peace and enough sleep. 


Theoretically, bromides, phenobarbital, 
or dilantin (diphenylhydantoin sodium) 
should help; but curiously, in bad cases 
in which there has been great need for 
something to quiet the brain and thus 
lengthen the interval between attacks, I 
have found these drugs ineffective. Many 
of the patients I see have been treated 
with endocrine products without avail. 

Oftentimes cure is worked 
when a woman’s fear of her attacks is 
cleared away, when she knows what her 
disease is, and that she has not a brain 
tumor or any organic disease in the abdo- 
men, and that to a large extent she can 
determine the number of spells she is to 
have. 


almost a 


Later, as she sees that most of her 
headaches follow periods of overwork or 
strain or fretting or worrying, she may so 
mend her ways as to be almost well. 

In this article I shall not go into a dis- 
cussion of the treatment of the headaches 
as I have done that elsewhere.* 

Summary. Since migraine is an entity, 
a hereditary disease of the brain, it is 
not logical to keep searching through the 
patient’s body for the basic cause of the 
trouble. Even when organic disease is 
found in the digestive tract and removed, 
the headaches may go on unchanged or 
they return after a while. 

The nausea and vomiting of migraine 
are due to reverse peristalsis instituted by 
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a storm that comes down from the brain, 
perhaps along the vague nerves, as in sea- 
sickness. Since the tendency to migraine 
is built into the patient’s nervous system, 
no one can hope to eradicate it with any 
treatment. 

The headache is only one of the migrain- 
ous person’s many troubles. Often more 
distressing are a general sickliness, ner- 
and fatigability. The 
migrainous person often has a peculiar 
and recognizable mental and_ spiritual 
makeup. Usually a woman, the patient 
often has a trim, well-proportioned body; 
her eyes are bright and expressive, and 
her face is more than usually intelligent. 

The physician should learn to recognize 
these women because in the office so few 
mention their sick headaches. Given the 
information that the headaches occur, the 
diagnosis often becomes easy because the 
migrainous person tends so strongly to 
suffer in certain known ways. 

In the absence of headaches, but with a 
typical migrainous temperament, a typical 
family history, and, perhaps, typical cyclic 
vomiting in childhood, the physician can 
say that an abdominal distress, or vomit- 
ing, or a dizzy spell is probably a migrain- 
ous equivalent. Or he can diagnose mi- 
graine simply because the patient is typi- 
cally migrainous and gets her spells in a 
typically migrainous way after becoming 
tired or tense or upset. 


vousness easy 


Migrainous women are generally hyper- 
sensitive to light, sounds and smells; they 
are quick of thought and movement; they 
tend to get tense, to worry, to tire easily, 
to wilt suddenly and to sleep poorly. 
They are perfectionists. Anything out of 
They often 
carry too much responsibility with too 
They put too 
much emotion into little things. They 
get tense just from thinking of work that 
is to be done, and this often brings a 
headache. 

Many migrainous women have days 
when they are a bit depressed and detach- 
ed from the world, and hazy in their 


the ordinary upsets them. 


great conscientiousness. 
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thinking. Many are somewhat dissatis- Any woman having more than 3 mi- 
fied with their marriage. grainous headaches a week is _ usually 

In many persons migraine is a mild either psychopathic or is misusing her 
disease, or it may even be carried latent; brain in some way, or her burdens are too 
in others, the tendency is converted into heavy for her. 


a disabling disease by an additional inheri- In many cases that might otherwise be 
tance of allergy, hypertension, dysmenor- very puzzling, a knowledge of the migrain- 
rhea, psychopathy, or constitutional in- ous temperament helps greatly in diag- 
adequacy. nosis and treatment. 
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FATAL INFECTION WITH POLIOMYELITIS VIRUS IN A LABORATORY 
TECHNICIAN 


ISOLATION OF VIRUS FROM LYMPH NODES* 


By Herpert A. WENNER, M.D. 


AND 


Joun R. Paut, M.D. 


NEW HAVEN, CONNECTICUT 


(From the Section of Preventive Medicine, Yale University School of Medicine) 


Ir is our purpose in this report to de- 
scribe a fatal case of poliomyelitis which 
occurred in a technician, 26 years of age, 
who had been exposed in his work to 
The cir- 
cumstances are such as to make it prob- 
able that his infection was contracted in 
the laboratory. To our knowledge this 
is the second instance in which accidental 
infection of this type has been reported, 
the first instance being recorded by Sabin 
and Ward in 1941." Their case, which was 
non-fatal, occurred in a woman of 35 who 
had been preparing virus suspension from 
the tissue of cynomolgus monkeys infected 
with strains recently isolated from human 
sources. 


strains of poliomyelitis virus. 


Sabin and Ward have empha- 
sized the dangers to humans of exposure 
in the laboratory to tissues or excreta of 
They 
also emphasized the dangers of working 
with the highly susceptible cynomolgus 
monkeys when infected with such strains. 
For this reason, we also have been con- 
cerned in this report with the circum- 
stances in our own case under which sick- 
ness occurred. We have considered the 
central nervous system lesions carefully 
and have carried out virus isolation stud- 
ies, both of these being directed in the 
hope of detecting the portal of entry in 
this case. 


human beings with poliomyelitis. 


Case Report. W. G. D., a mechanical 
engineer, 26 years of age, was admitted to 
the New Haven Hospital on Aug. 24, 1945. 

Past History. He had been quite healthy 
all his life. Tonsillectomy had been per- 
formed at the age of 7. In 1943 he had had 


bacillary dysentery. Early in 1945 he was 
admitted to the New Haven Hospital suf- 
fering from slight fever and upper abdominal 
pain. No satisfactory diagnosis was reached 
at that time. 

Occupational History. He had received 
university and practical training -prior to 
1943, in laboratories designed for research 
in engineering. In October 1944, he applied 
for and was accepted as a technician in the 
Yale Poliomyelitis Study Unit. He proved 
to be a careful worker and was trained during 
1944-1945 to assist in certain technical pro- 
cedures. These involved the preparation of 
virus suspensions and centrifugation prior 
to their inoculation into experimental ani- 
mals. During the first 6 months of his ap- 
prenticeship he worked under close supervi- 
sion. During his entire period of employ- 
ment he worked under guidance. 

The infective materials used by this tech- 
nician were of human and simian origin and 
included feces, pharyngeal washings and 
central nervous system tissue. In preparing 
inocula he ground the material with mortar 
and pestle; resulting suspensions were then 
homogenized in a Waring blendor, and cen- 
trifuged in various types of high speed cen- 
trifuges. During the 2 months preceding 
his’ illness, work with human material and 
“human” strains was being carried out in 
the laboratory, but not more extensively 
than in the previous 8 month period. In 
July and August 1945 he assisted a staff 
member in feeding poliomyelitis virus (recent 
human strains) by stomach tube to infant 
rhesus monkeys.‘ 

During July and August 1945, W. G. D. 
did not leave the city of New Haven on any 
visits to outside places. Within this period 
and afterwards, relatively few (19) cases of 
poliomyelitis occurred in the area where he 


* Aided by a grant from the Nationa] Foundation for Infantile Paralysis, Inc. 
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lived and worked.* It was a non-epidemic 
vear for poliomyelitis in New Haven. It is 
possible nonetheless to believe that he ac- 
quired the disease naturally, but we have 
considered a laboratory infection to be far 
more likely 

On Aug. 10, 1945, W. G. D. was deeply 
scratched on the dorsum of the right wrist 
by a new (and uninoculated) monkey he was 
bringing from another building to the polio- 
myelitis animal quarters. This skin abra- 
sion was about 3 em. long when first noted 
by one of us (J. R. P.) almost 12 days later. 
It had not healed completely at that time. 
There is reason to believe that subsequent 
to this minor injury, virus may have con- 
taminated his hands during feeding of the 
infant monkeys or in preparation for inocu- 
lation. 
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Hospital. He had had some difficulty in 
swallowing and his temperature was 102° F. 

Hospital Course (No. B61644). On admis- 
sion his temperature was 102° F., pulse rate 
90 and respiratory rate 22. The back of 
his head and his neck ached when he sat up 
and The neck was not 
stiff. The gag reflex was active, other super- 
ficial and deep reflexes were hyperactive 
and equal bilaterally. The leukocyte. count 
was 10,000 per c.mm.; 41°, of these were 
mononuclear cells. 


leaned forward. 


lymphocytes or large 
The urine was negative 

His clinical course (Fig. 1) changed speed- 
On August 25 his tem- 
perature was 103° F.; he vomited, was rest- 
less and apprehensive. His speech was 
slurred. He had excessive mucous secretions 
in his throat and could swallow only with 


ily for the worse. 
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August 24-26, indicate high and low 


temperature readings 


Past Illness. On the evening of Aug. 18, 
1945, W. G. D. was “‘feverish”’ and felt as 
if he were getting a cold. On the day fol- 
lowing he had headache and felt hot. He 
did not, however, report this illness, and 
remained at work. The next day (August 20) 
he felt better, and continued to feel well 
until August 23, when he was again feverish, 
felt listless, and vomited twice. On the 
morning of August 24 his temperature was 
100° F. (oral); there was vague nuchal dis- 
comfort and he felt a little choked. That 
afternoon he was brought to the New Haven 


diffeulty. The spinal fluid cell count re- 
vealed 49 cells per c.mm., of which 80% 
were lymphocytes. A further change for 
the worse was noted on the morning of 


August 26. He complained of diplopia, and 
that he could not control his breathing. 
Subsequently he became moderately cyan- 
otic. He died at 5 p.m. August 26. It was 
the 9th day of his disease. 

A postmortem examination (Autopsy 6927) f 
begun 2 hours after death. Only the more 
significant findings will be considered here. 


* In the area embraced by and immediately surrounding the city of New Haven approximately 
250,000 people live. Nineteen cases of poliomyelitis were reported to the Connecticut State Department 


of Health from this area during 1945. 
10 cases; 


They occurred as follows: 
September, 5 cases; October, 0 cases; an annual rate for 1945 of 7.6 per 100,000. 


June, 0 cases; July, 4 cases; August, 


+ We are indebted to the Department of Pathology, Yale University School of Medicine and to 


Dr. Karel V. 8S. Toll for the opportunity of studying this autopsy. 
same department, assisted in the histologic studies of the central nervous system. 


Dr. Stanley H. Durlacher, of the 
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Skin. The scratch mark on the dorsum 
of the right wrist was present. 

Lymph Nodes. Two nodes obtained from 
the left axilla were larger (2 to 3 X) than 
those on the right, which were of normal size. 
Lymph nodes from neither side revealed 
gross evidence of acute infection. Other 
lymph nodes, including the mesenteric lymph 
nodes, were grossly normal in appearance. 
When studied histologically, none of these 
nodes showed definite alterations from the 
normal picture and a search for atypical 
cells (Giemsa’s, hematoxylin and eosin, and 
reticulum stains) was negative in half a node 
(which did not contain virus; see Monkey 
30-76, Table 1) from the right axilla. 

Thoracic Viscera. The lower lobes of the 
lung were firm, non-crepitant, and pink 
frothy fluid oozed from the cut surface. 
Histologic sections revealed focal broncho- 
pneumonia, pulmonary edema and hemor- 
rhage. A focal interstitial myocarditis de- 
monstrable histologically was present also.* 

Brain and Cord. The pia mater was 
cloudy, particularly in sulci over the tem- 
poral and occipital lobes of the brain. The 
base of the brain appeared normal except 
for a cerebellar pressure cone. Histologically, 
lesions of poliomyelitis were widespread. 
Lesions were also found in the olfactory 
bulbs. Severe damage occurred in the mid- 
brain, pons, medulla and in the spinal cord. 

In a single preliminary section taken 
longitudinally through the olfactory bulbs 
no lesions were seen. When serial sections 
(about every 10th section was stained) were 
examined some of the blood-vessels in the 
anterior olfactory nucleus were heavily 
cuffed with lymphocytes (Fig. 2). These 
perivascular lesions were deep seated in the 
olfactory bulbs. Very few, and scattered 
with questionable neuronophagia 
were present in the peripheral mitral cell 
layer.t Otherwise there was no evidence of 
neuronophagia or inflammatory glial re- 
sponse. Lesions were present in 1 olfactory 
bulb, the other being entirely free. 

Diagnosis: Acute bulbar poliomyelitis, 
bronchopneumonia, acute myocarditis. 

Subsidiary: Old pancreatitis; atrophy of 
left testicle. 


lesions 
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Histologic changes like those which we 
observed in the anterior olfactory nucleus 
and mitral cell layer have been observed 
previously,”’ but their occurrence in human 
cases’ is distinctly unusual. Although it 
may not be clear in this case whether the 
lesions in the olfactory bulb indicate 
ingress or rostral spread of virus we are 
inclined to believe that the lesions repre- 
sent an extension forward from the brain. 
The evidence for this is based in part on 
the absence of lesions in the periphera of 
the olfactory bulb. 

ISOLATION OF Virus From Tuts Case 
(W.G.D.) Various types of material were 
obtained for virus studies from this case. 
These included: 

(a) Antemortem material consisting of 
pharyngeal secretions, and material from 
a cotton swab which had been rubbed on 
the surface of the oropharynx. Both 
specimens were obtained on August 24, 
the 7th day of his disease and 2 days 
prior to his death. 

(b) Autopsy material consisting of: cen- 
tral nervous system tissue, lymph glands, 
blood, portions of the spleen and washed 
wall of the upper and lower intestine, and 
the colon contents. 

The procedures for the removal of tis- 
sues for virus studies of this type are 
important and for this reason are men- 
tioned in detail. Essentially we have 
followed the technique of Sabin and 
Ward. 

Technique of Removing Tissue. Sterile 
instruments were used for each different 
tissue. Following incision across the chest, 
right and left axillary nodes were removed 
and placed in separate lusteroid tubes, for 
freezing. The abdomen was then opened. 
Here a break in technique occurred for 
the stomach wall was accidentally punc- 
tured and about 20 cc. of its contents 
escaped into the peritoneal cavity. Mes- 
enteric lymph nodes were removed, then 


* Similar changes were found in the myocardium of another case recorded in this paper (D. D.). 
Such lesions have received attention in the literature on the pathology of human poliomyelitis and 
have been referred to by Saphir and Wile,!® among others. 

+ Dr. Howard A. Howe and Dr. David Bodian of the Poliomyelitis Research Center, School of Hygiene 
and Public Health, Johns Hopkins University, Baltimore, Md., very kindly examined the histologic 


material from the brain and cord of this patient. 
in summarizing the findings in the olfactory bulbs. 


We have made free use of their descriptive comments 
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the spleen and lastly the gastro-intestinal 
tract, which was placed on sterile wrap- 
ping paper. 
removed for virus study. 


A central core of spleen was 
Segments of 
duodenum, ileum and descending colon 
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were tied, cut, and each placed in sepa- 
rate cardboard boxes, and then on dry ice. 

The calvarium and the vertebral lamine 
were carefully removed without sterile pre- 


The 


cautions, with the dura mater intact. 


F ia. 2. 
Anterior olfactory nucleus (* 35) 


Histologic lesions seen in several segments of W. G. 
B, Midbrain (x 70). ¢ 


D.’s central nervous system. A, 
Cervical cord 70). 
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dura was opened with sterile instruments, 
and the brain placed on a piece of sterile 
wrapping paper and segments of cord and 
brain stem were later removed for virus 
study. 

All material was kept frozen on dry ice 
until tested. These tests were begun 
1 month after the material was collected 
and they were completed within 3 months. 

Preparation of Material for Inoculation. 
Oropharyngeal swabs were eluted by a 
method described by one of us (H. A. W.) 
in a previous note:* 1 cc. of the eluate 
was given intracerebrally and 2 cc. intra- 
nasally to Monkey 31-55. To 4 cc. of 
pharyngeal secretion 1 cc. of phosphate 
buffer at pH 4 was added; 1 cc. of this 
material (pH 5.5) was given intracer- 
ebrally and 4 ce. intranasally to Mon- 
key 31-56. 

Colon Content. Extracts were prepared 
for inoculation using various methods."*.*4 
Generally 10 cc. was given once intra- 
peritoneally and 5 cc. twice intranasally 
to Monkeys 31-54 and 31-64. Occasionally 
1 ce. of the ultracentrifuged inoculum was 
given intracerebrally cf. Monkeys 31-42 
and 31-43. (Table 2.) 

The following tissues collected at autop- 
sy were triturated individually to make a 
10% suspension by weight in sterile dis- 
tilled water, viz., central nervous system 
tissue; right and left axillary nodes. These 
suspensions were spun at 2000 r.p.m. for 
10 minutes and 1 ce. of the supernate 
was inoculated intracerebrally into mon- 
keys. The mesenteric nodes and splenic 
tissue were rinsed in 5 changes of sterile 
distilled water, prior to trituration. The 
intestinal segments, namely duodenum, 
ileum and descending colon were opened 
(each done on a different day) and their 
contents, excepting that from the lower 
colon, discarded. Using sterile gloves the 
serosal and mucosal surfaces of the intes- 
tinal segment were washed by gentle rub- 
bing with the finger and rinsed in 7 changes 
of distilled water. The washed tissues 
were triturated and suspensions prepared 
which were centrifuged as above, and 1 cc. 


inoculated intracerebrally into a monkey. 
Culture of the duodenal emulsion (0.05 cc.) 
yielded 8 colonies of B. coli on a blood 
agar plate. The emulsion of ileum proved 
sterile to culture; 24 colonies of B. coli 
were counted on the blood agar plate 
seeded with 0.05 cc. of extract of descend- 
ing colon. “Whole blood” was prepared 
by breaking up the clot; 1 cc. of blood 
was inoculated intracerebrally and 5 ce. 
intraperitoneaily into a monkey. 

Animals Inoculated. Seven rhesus (Ma- 
caca mulatta) and 13 vervet (Cercopithecus 
zthiops centralis)* monkeys weighing be- 
tween 1.5 and 3.5 kg. were used for these 
tests and were inoculated under full ether 
anesthesia. Unless the animal was killed 
earlier, monkeys inoculated intracerebrally 
were exercised daily and daily rectal tem- 
peratures were recorded for 4 weeks. Four 
monkeys were re-inoculated after 4 weeks 
of uneventful clinical observation (see 
Table 1). All animals which showed 
symptoms of poliomyelitis were sacrificed 
at what appeared to be an appropriate 
time. All other monkeys were sacrificed 
at the end of the 4 or 5 week experimental 
period. 

Criteria for Identification of Poliomyelitis 
Virus. The criteria adopted for the iden- 
tification of poliomyelitis virus in this 
laboratory have been outlined elsewhere.” 
Essentially they consist of the production 
in the monkey of an illness compatible 
with experimental poliomyelitis. Passage 
of the virus to a second monkey was at- 
tempted and accomplished in 1 instance 
with this strain (W. G. D.). This strain 
produced no evident disease in cotton rats, 
Swiss mice, or young adult rabbits. 

Resutis. A summary of the test per- 
formed on material from this case (W. G. 
D.) appears in Table 1. Virus was de- 
tected in the pharyngeal material; in the 
central nervous system (pons, medulla 
and cord); right axillary nodes (1 out of 
2 trials); mesenteric lymph nodes; and 
duodenum (washed wall). Virus was not 
detected in the left axillary lymph nodes 
(4 trials—negative), blood, spleen, ileum 
(washed wall) and colon (washed wall). 


> 
> 


The,test with the colon contents was not 
completely satisfactory but may be re- 
garded as negative. 

Virus Nopes 1n Human 
PoLIOoMYELITIS. For comparison we have 
therefore analyzed previous work on the 
isolation of poliomyelitis virus from human 
lymph nodes and have also included in this 
report (see Table 4) 2 other fatal cases 
of poliomyelitis which we have had occa- 
sion to study in this laboratory and from 
which lymph nodes obtained at autopsy, 
were tested for virus. 


TABLE 1, 
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physician found his temperature to be 
102° F. (oral). During the afternoon he 
was nauseated but did not vomit. By the 
next day (August 31) his left shoulder and 
right arm were weak. There were twitch- 
ings of his face and he had difficulty in speak- 
ing. He became drowsy and his respiration 
became labored and uneven. 

He was admitted to the New Haven Hospi- 
tal on September 1 (No. B-360). On admis- 
sion his condition was critical. His respira- 
tions were irregular; breathing was difficult. 
There was moderate stiffness of the neck. 
The left pupil was smaller than the right. 


fests FOR PoLIOMYELITIS VIRUS IN TISSUES AND SECRETIONS From Patient W. G. D 


Monkey inoculation 


Date of Dosage and Sper ies and 
lissue or secretion collection portal No Date Results 
CNS (medulla, pons, sp. cord) 8/26/45 1 ml, ic R-3120 10/24/45 + 
Pharyngeal secretion 1 R-3156 11/15 + 
In 
Pharyngeal swab ic R-3155 11/15 + 
in 
Lymph nodes 8/26 
Rt. axillary (pool) 1 ic V-3031 9/29 + 
Rt. axillary (4 node) 1 V-3076 10/17 
Left axillary (pool) . . . V-3074 10/15 
1 V-—30741 11/13 
V-30751 11/13 
V-—30774 11/14 
Blood . ; ‘ l V -3077 10/17 
5 ip 
Spleen ic V -3075 
Duodenum (washed wall) 1 V-3078 10/18 + 
Ileum (washed wall) V-3079 10/18 - 
1 V-—30764 10/14 
Desc. colon (washed wall) 1 V-3080 11/9 
Colon contents ip R 3154 11/10 
* in R-3164 11/21 
ic* R-3142 12/14 
1“ R-3143 12/16 
ic = intracerebral, in = intranasal, ip = intraperitoneal route of inoculation; * = ultracentrifuged 
material; R = rhesus, V = vervet monkeys; | = monkey used a second time in this experiment; + = 
experimental poliomyelitis, — = negative, .. = incomplete test. 


These case reports are as follows: 


R. F., 30 years old, male telephone lines- 
man, was well until Aug. 29, 1939, when he 
developed a stiff neck. The next morning 
(August 30) the muscles of the shoulder girdle 
felt sore and stiff. Within a few hours he 
noted numbness and some weakness in his 
left hand, and complained of headache. A 


Biceps and triceps reflexes were absent on 
both sides. 

His clinical course progressed swiftly down- 
hill. He was placed in a respirator. Shortly 
after admission he lapsed into a comatose 
state. He died on September 2, the 5th day 
of illness. 

A postmortem examination was begun 3 
hours after death. 
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Autopsy Findings. The skin was intact. 
Lymph nodes were normal in appearance. 
The posterior segment of the lower lobe, 
left lung, was firm, reddish brown in color 
and non-crepitant. The spleen was enlarged; 
its pulp soft. The serosal surface of the 
cecum was stippled with petechial hemor- 
rhages. On the cut surface of the brain, 
flame shaped hemorrhages were seen in the 
subcortical area. Small red dots suggestive 
of hemorrhage were also seen on the cut 
surface of the cervical cord. 

Histologically, typical lesions of polio- 
myeclitis were present in the spinal cord, 
medulla and pons. There was also exten- 
sive involvement in the region of the hypo- 
thalmic nuclei, and around the third ven- 
tricle. The olfactory bulbs (one section 
from each bulb) showed no evidence of 
inflammation. The histology of an inguinal 
lymph node appeared normal. 

Diagnosis: Acute bulbar poliomyelitis. 
Bronchopneumonia. 


TABLE 2. 


Date of 
collection 


9/2/39 


Tissue 
CNS (cervical cord) 
CNS (lumbar cord) 
Lymph nodes: 
Cervical 
Axillary 
Inguinal ; 


Mesenteric 
Mediastinal 


Legends as in Table 1. 


Seven samples of tissue were removed 
at autopsy into sterile separate containers 
as aseptically as possible: cervical and 
lumbar cord; cervical, axillary, medias- 
tinal, mesenteric and inguinal lymph nodes. 
Suspensions of these tissues were tested 
for poliomyelitis virus in 7 rhesus mon- 
keys, all of which were inoculated intra- 
cerebrally. Virus was isolated from only 
1 sample, namely, from the cervical region 
of the spinal cord. All the lymph nodes 
yielded negative tests. Results appear in 
Table 2. 


FATAL INFECTION WITH POLIOMYELITIS VIRUS 


Tests FoR POLIOMYELITIS VIRUS IN 


Dosage and 


1 ml. ic 


15 


D. D., 13 year old onan, of Italian paren- 
tage became ill on Nov. 25, 1945, with chilly 
sensations and headache. On the day fol- 
lowing he stayed in bed because he ‘felt 
weak.’’ On November 27 he had sore throat, 
headache and chills. On awakening on 
November 28 he had pain in the upper part 
of his right arm. He choked when drinking 
water. His speech was thick. His “right 
arm was weak and his neck hurt when he 
moved it. His temperature in the after- 
noon was 104° F. (rectal). He was admitted 
to the hospital on that day, November 28 
(B-74723).* 

His tonsils had been removed at the age 
of 3 years. He was large for his age and 
overweight but on the whole had _ been 
healthy. 

On admission he was acutely ill. He was 
oriented, restless and apprehensive. He 
was unable to swallow a frothy brown colored 
sputum. His speech was thick.: His neck 
was stiff. The gag reflex was sluggish, and 


Tissues From Patrent R. F. 


Monkey inoculation 


Species and 
portal No. 


R-1321 
R-1327 


Date 
» 9/12/39 


Results 


1322 
1324 

1323 
1325 


the left side of the soft palate drooped. The 
right arm was weak; the right biceps reflex 
was absent. The ninth; tenth and eleventh 
cranial nerves were involved.- A lumbar 
puncture revealed 40 lymphocytes per c.nim. 
of spinal fluid. 

His clinical course in the hospital was brief. 
On November 29 he was restless, became 
disoriented and soon .went into shock. .He 
died on November 30, the 6th day of illness. 

A postmortem examination was begun 
3 hours after death. 

Autopsy Findings. The skin was tetas, 
Lymph nodes were normal in appearance. 


* We are indebted to the Department of Pediatrics, Yale University School of Medicine, for the 
privilege of transcribing data from this patient’s record, and to Dr. Charles Kennedy, of the Department 
of Pathology, 


for the opportunity of studying the autopsy material. 
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Subendocardial hemorrhages were visible on 
the wall of the left ventricle, the largest 
occurring on the interventricular septum. 
Fibrous adhesions covered the entire surface 
of the left lung. There were subpleural 
hemorrhages beneath the visceral pleura in 
the left apical and posterior segment. The 
brain and cord were not remarkable in their 
gross appearance. 
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case of W. G. D. The results of tests for 
the presence of poliomyelitis virus in lymph 
nodes and other tissues from this case appear 
in Table 3. 


DISTRIBUTION OF VIRUS 
LympH Nopes. The findings in the case 
of W. G. D. fit somewhat irregularly into 
the pattern of previous workers on the 


TABLE 3.—TeEsts FoR PoLIOMYELITIS VIRUS IN FROM D. D. 
Monkey inoculation 
Date of Dosage and Species and 
Tissue collection portal No Date Results 
CNS (medulla, pons, sp. cord) . 11/30/45 1 ml. ic R-3176 12/6/45 
Lymph nodes: 
Rt. axillary 1 V-3082 12/4 
Left axillary V-3083 - 
Rt. inguinal 1 V-3085 “a - 
Mesenteric (pool) 1 V-3084 ‘a 
1 V-3086 12/10 
Duodenum (washed wall) _ 1 R-3178 12/6 + 
Heart muscle 1 R-3177 12/5 


Legends as in Table 1. 


TABLE 4. 
I 
Authority Cervical 
Flexner and Lewis (1910)* 
Levaditi, Schmutz and Willemin (1931)? 
Flexner (1936)! 
Kling, Olin and Gard (1938)° 1/2 
Kempf and Soule (1940)’ 
Sabin and Ward (1941)"8 0/7 
Kessel, Moore, Stimpert, Fisk (1941)8 
R. F., New Haven Hosp. (1939) ._. 0/1 
W.G. D. + D. D., New Haven Hosp. (1945) 
Total 1/10 


1/1 = 1 test positive in a sample from 1 patient. 
* Axillary and inguinal nodes pooled. 
t+ One positive test was from a pooled sample. 


Tests FoR PoLioMYELITIS Virus IN LymMpH Nopes OTHER THAN TonsiLs RECORDED 
N HuMAN CaSESs 


Axillary Inguinal Mediastinal Mesenteric 


(1/1)f 


0/8 
4/33 

0/3 
(1/7)* (1/7)* 0/6 
0/14 


0 
1 


0/1 0/1 0/1 
0/1 1/2 


(2/10) (1/10) 0/1 5/67 


~ More than 25 years later (1936) Flexner! pointed out that sterile technique had not been used 


in this determination and so the positive result could not be accepted as definite. 


been included in the total. 


Histologically, typical lesions of polio- 
myelitis were present in the spinal cord, 
medulla and pons. There was moderate and 
extensive involvement in the posterior seg- 
ment of the pons in the regions of the floor 
of the fourth ventricle and the aqueduct of 
Sylvius. The olfactory bulbs showed no 
evidence of inflammation. 

Lymph glands were removed with the 
same precautions as those followed in the 


This test has not 


distribution of virus in tissues and secreta 
from fatal human cases.**'*§ There is 
one positive test which stands out rather 
prominently, namely the finding of virus 
in lymph nodes from the right axilla. 
Various efforts to isolate poliomyelitis 
virus from extraneural human tissue ob- 
tained at autopsy have been made and 
reported from the time poliomyelitis virus 


IN HUMAN © 
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was first discovered. It will not be our 
plan to review these studies here but we 
will list the reports of all tests that have 
been made on lymph nodes other than 
tonsils. The history of this subject was 
mentioned in 1941 by Sabin and Ward.'* 
Although it goes back to 1910,' most of 
the lymph nodes studies have been made 
within the last decade (see Table 4); they 
include the observations of Kling and his 
co-workers® in Sweden; of Sabin and 
Ward;'® of Kessel et al.;8 and others (see 
Table 4). By far the greatest number of 
positive results have been obtained from 
the tonsils and attached pharyngeal mu- 
cosa,*'*°'8 but the difficulties of obtain- 
ing such material free of contamination 
are such that we have made no serious 
attempt to evaluate the literature on this 
score. 

To the tests recorded from the literature 
and listed in Table 4 we have added 3 
other cases studied in our own laboratory, 
described herem and hitherto unpublished. 

Discussion. Circumstances were such in 
the case of W. G. D. reported above to 
make it highly probable that his infection 
with poliomyelitis virus was acquired in 
the laboratory. It should be pointed out 
in this connection that this technician was 
exposed in his work to strains of poliomy- 
elitis virus recently isolated from human 
cases. This was also the situation in the 
only other reported case of laboratory 
infection with poliomyelitis virus.’ Ac- 
cording to a liberal estimate made from 
personal communications, and from pub- 
lished reports, it is our belief that during 
the decade 1936-45 not more than 50 to 
75 people may have been actively en- 
gaged in laboratory work on experimental 
poliomyelitis in this country and Canada, 
in which strains recently isolated from 
human sources were being used. Consider- 
ing the age of the average technical worker 
in the field, the theoretical attack rate 
of 2 per 50 to 75 adults is high. 

It appears to us that manual work 


with poliomyelitis virus is more dangerous 
as far as contagion or infection is con- 
cerned than is work with patients ill with 
poliomyelitis. It is therefore our purpose 
in this paper to emphasize again the really 
great dangers of exposing technical work- 
ers to strains of poliomyelitis virus of 
this type.* 

Another purpose of this report is to 
consider the route through which this 
man might have been infected. Unfortu- 
nately this requires speculation but among 
other routes we must include the possi- 
bility of the cutaneous route. At least, 
we must recognize that poliomyelitis has 
been acquired accidently in man by inject- 
ing the virus under the skin. These acci- 
dents (supposedly 10 in number) occurred 
when vaccination was being tried in this 
country in 1935." It is known that 
monkeys can be infected by the cutaneous 
route”! and probably this applies to chim- 
panzees.'* It is conceivable therefore that 
the presence’ at autopsy in the case of 
W. G. D. of virus in the right axillary 
lymph node, as opposed to the left, might 
be a significant finding in view of the 
presence of a deep scratch sustained by 
this man on the right wrist during a 
period preceding his illness when he was 
working with strains of the virus. But, 
we do not feel at all prompted to promote 
the idea that infection was necessarily 
acquired through the skin in this particu- 
lar case. We also do not believe that 
infection was necessarily acquired through 
the olfactory route, because of the loca- 
tion of lesions. In brief, therefore, the 
data presented have certain informative 
value, but they are not complete enough 
to allow one to say how this man acquired 
his infection. 

Summary. 1. A fatal case of polio- 
myelitis is described which occurred in a 
laboratory worker. It is probable, al- 
though not definite, that this man acquired 
his infection as a result of exposure to 
poliomyelitis virus in the laboratory. 


* During the 15 year period prior to 1930, the great majority of work on experimental poliomyelitis 
in the United States was carried out with strains of virus which were well established (through many 


passages) in the monkey. 
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2. Prior to his infection he was working 4. Previous experiences, both published 
with human infectious material and with and unpublished, on the isolation of polio- 
strains of poliomyelitis virus in their early mvyelitis virus from lymph nodes is re- 
monkey passage. viewed and discussed in the light of the 
3. Poliomyelitis virus was isolated in findings in the above case. 
his case from the throa (during life o. Histologic lesions of poliomyelitis 
and at autopsy from the central nervous . . . 
were present In one anterior olfactory 
system, the washed wall of the duodenum, : : 
. nucleus. Extensive lesions were present 
mesenteric lymph nodes and from some of 


. in the midbrain, pons, medulla and spinal 
the right axillary lymph nodes. Atten- I I 


tion is called to this last fact because just cord. 
prior to his illness he sustained an injury 6. The portal of entry of the virus was 
to his skin on the right wrist. not determined. 
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GYNECOMASTIA DUE TO MALNUTRITION 


I. CLINICAL STUDIES* 


By KLatskiIn, 


Wituiam T. Satrer, 


AND 


FRANCES 1). 


NEW HAVEN, 


CONNECTICUT 


(From the Departments of Internal Medicine and Pharmacology, Yale University 
School of Medicine) 


GYNECOMASTIA has been found 
ciated with a wide variety of disturbances 
of the endocrine system, including atro- 
phy" *° and tumors of the testes,!!7 
tumors of the adrenal cortex,®** hyper- 
thyroidism* and tumors of the pituitary,** 
and has been induced by the administra- 
tion of estrogen, androgen® and desoxy- 
corticosterone.”?" In the vast majority 
of cases reported, however, no obvious 
endocrine defects have been demonstrat- 
ed.?°.22.62.58 Nevertheless, there is ample 
clinical and experimental to 
suggest that gynecomastia is usually hor- 
monal in origin. 

Recently we have seen a number of 
gynecomastias associated with malnutri- 
tion. Our interest in the relationship be- 
tween nutrition and the hormones and in 
the possible réle of the liver led us to 
study these cases. The present report is 
concerned with our clinical observations 
and the results of our investigation of the 
liver. Our hormone excretion studies will 
be reported in the following communi- 
cation. 


Material and Methods. Approximately 300 
American soldiers, recently released from 
Japanese prison camps, were transferred to 
an Army hospital for further study and 
treatment in December 1945. They were 
taken prisoner in the Philippines during 
April and May 1942, and were released 
early in September 1945. Most of them 


asso- 


evidence 


spent 2} years in Filipino and 1 year in 
Japanese or Korean prison camps, where 
they lived on inadequate diets and suffered 
from severe malnutrition. In August 1945, 
food was dropped by parachute into some 
of the camps, but most of the men did not 
receive an adequate diet until they were re- 
leased in September. Then they gained 
weight rapidly, so that by December signs 
of malnutrition and deficiency disease were 
absent. 

On examination 36 of these men were 
found to have gynecomastia. In addition, 
there were 12 men who had had gynecomastia 
before admission to the hospital. These 
have been added to the series making a 
total of 48 cases. No case has been included 
that did not have a definite tumor mass in 
one or both breasts, or give a history of 
having had one. Many of the men had 
tenderness fatty enlargement of the 
breasts without a palpable mass. Since 
pseudogynecomastia could not be ruled out 
in such cases, they have been excluded from 
consideration. 

A detailed history of the diet, nutritional 
state, complicating diseases, breast symp- 
toms and sexual activity was recorded in 
each case. A careful physical examination, 
with special emphasis on the condition of 
the breasts, liver and testes was performed. 
The breasts and testes were measured with 
a flexible centimeter rule. Testes smaller 
than 4 x 2.5 x 3 cm. were regarded atrophic.” 

A blood count, urinalysis, Kahn test and 
stool examination for ova and parasites were 
done routinely. 


or 
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The functional capacity of the liver was 
tested by a number of methods described 


and the same criteria of abnor- 
mality were adopted: 


elsewhere,” 


One minute serum bilirubin 
Total serum bilirubin 

Chymol turbidity reaction 
Cephalin-cholesterol flocculation 


Quantitative urobilinogen excretion 


lotal serum proteins 
Bromsulphalein (5 mg./kg.) 


The semen was examined in a small num- 
ber of patients. It was collected in a small 
glass jar, diluted in a blood pipette and 
counted in a hemocytometer in the usual 
fashion. 

Twenty-four hour urine specimens were 
collected for determination of 17-ketosteroid, 
estrogen, cortin and gonadotropin excretion. 
The specimens were kept refrigerated and 
were preserved with toluene. As soon as 
the collection was completed, the urine was 
acidified with dilute acetic acid and it was 
shipped to New Haven by express, a distance 
of 1200 miles. 


Once gynecomastia occurred it usually 
persisted for a long period of time, unless 
there was an improvement in the diet. 
The severity of the condition, however, 


Over 0.2 mg. per 100 cc. 

Over 1 mg. per 100 cc. 

5 and over 

1+ in 24 hours 

2+ in 48 hours 

Over 1.2 units in 2 hours in 
2 out of 3 specimens 

Under 5.5 gm. per 100 ce. 

6% retention in 45 minutes 


fluctuated in a third of the cases. In some 
of these, relapses and exacerbations oc- 
curred spontaneously, but in others they 
appeared to be related to an improvement 
in the diet. 

Tenderness of the breasts was the out- 
standing symptom in all but 2 cases. It 
was frequently so severe that these pa- 
tients were unable to wear a shirt with 
comfort. The nipples were especially sen- 
sitive and were frequently more erect than 
normal. A few patients complained of 
spontaneous mild aching pain. 


TABLE 1,——CLINICAL CHARACTERISTICS OF DieTARY GYNECOMASTIA IN 48 PRISONERS OF WAR 
Onset 
During imprisonment (interval: 4 to 40 mos., av. 15 mos.) , 33 
After release (interval: 2 wks. to 3 mos., av. 1.4 mos.) 15 
Duration: 
Gynecomastia present 3 mos. after release (duration: 1 to 38 mos., av. 15.5 mos.) . 36 
Gynecomastia cured 3 mos. after release (duration: 1 to 32 mos.,av.7 mos.) .. 12 
Relapses and exacerbations 15 
Following improvement in diet 7 
While on deficient diet 8 
Symptoms 
Tenderness 46 
Pain 6 
Secretion 7 
Physical examination: 
Side: Bilateral 31 
Unilateral 17 
Glandular tumor mass (size: 1 to 4 cm., av. 2.6 em., in diameter) 36 
Tenderness (slight 13, moderate 11, severe7) . . . 31 
Induration (slight 21, moderate 15) 36 
Fatty enlargement of the breasts 23 


Findings. Breasts. The clinical features 
of the gynecomastia observed are outlined 
in Table 1. 

Gynecomastia usually appeared after 
prolonged malnutrition, In a third of the 
cases, however, the onset did not occur 
until shortly after return to a normal diet. 


A definite secretion from the nipples 
had been noted by 7 patients, but in none 
could it be demonstrated in the hospital. 
It was described as “milky”’ in all but 1 
and had been of sufficient volume to stain 
the underclothes. 

The outstanding finding on physical ex- 
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amination was a mass of glandular tissue 
beneath the areola. The mass was usu- 
ally discoid in shape, sharply demarcated 
and slightly to moderately indurated and 
tender. It was attached to the nipple, 
hut was freely movable beneath the areola 
and over the underlying structures. It 
was often as small as 1 or 2 em. in diam- 
eter, but it was usually surrounded by 
an appreciable deposit of fat, so that the 
contour of the breast resembled that of 
the female at puberty (Fig. 1). The 
areola occasionally exhibited an increase 
in pigmentation, but it was rarely marked 


in degree. 


fibrous tissue, measuring 5 cm. in diameter 
and 1.7 cm. in thickness. On one side 
there was a depression from which fibrous 
bands radiated. Microscopically, it ex- 
hibited the typical changes described in 
other forms of gynecomastia.” The 
principal findings were hyperplasia of the 
ducts and an increase in the periductile 
tissue. The ducts were increased in num- 
ber, elongated and tortuous, and showed 
considerable branching. Their epithelial 
lining was thickened, and in some areas 
exhibited papillary growth into the lumen. 
Although no cysts were demonstrable, a 
number of the ducts were dilated and had 


Fic. 1.—Case 23. Bilateral gynecomastia due to malnutrition, 


Bilateral gynecomastia was much more 
common than unilateral. Frequently, 
the onset and clinical course 
differed on the 2 sides. 

In 2 patients the axillary lymph nodes 
exhibited moderate enlargement without 
tenderness. Whether this lymphaden- 
opathy was related to the associated 
gynecomastia could not be determined. 

The glandular mass was excised for 
study in the patient illustrated in Figure 1. 
It shelled out of its fatty bed with ease 
and appeared to be a disk of fat and 


however, 


thin walls. There was a great increase 
in the periductile tissue, which was com- 
posed of loosely arranged fibroblasts and 
fine fibrous strands in which were enmesh- 
ed a moderate number of lymphocytes and 
macrophages. The remaining fat and col- 
lagenous connective tissue, which com- 
prised the bulk of the tumor, were not 
remarkable. There were no acini (Fig. 2). 

Nutritional History. The essential data 
regarding nutrition are summarized in 
Tables 2 and 3. 

As indicated in Table 2, the diets in 


42 
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Filipino and Japanese prison camps differ- 
ed, but both were equally deficient in 
protein, vitamins and calories. 

The caloric deficiency was only moder- 
ate, but due to the heavy labor required 
of these patients and the frequent occur- 
rence of untreated complicating disease 
the weight loss was marked. 


‘IG. 2 
gums C, Case 23. Dietary gynecomastia. 
gynecomastia. High power magnification. 

Almost all of the group had severe beri- 
beri, pellagra or scurvy in prison. Many 
were hospitalized for over 1 year. Specific 
treatment was inadequate, usually con- 
sisting of minimal supplement of vitamins 
and milk, and was rarely instituted until 
the patient was bedridden. 

Beriberi was by far the most common 
deficiency disease encountered and oc- 
curred in all but 4 of the cases. It was 
usually manifested by both neuritis and 
marked edema. Except for weakness and 


dyspnea on exertion, which could be 
attributed to malnutrition, there were no 
outspoken cardiac symptoms. It is as- 
sumed that protein deficiency contributed 
to the edema, although no data on the 
level of the serum proteins during im- 
prisonment are available. 

As already indicated, signs of deficiency 


A, Normal male breast. Low power magnification. B, Normal male breast. High power 


Low power magnification. D, Case 23. Dietary 


disease and malnutrition were lacking 
when these cases came under our observa- 
tion. A few exhibited minor subjective 
sensory changes and minimal edema of 
These failed to 
respond to intensive vitamin therapy. 
Exhaustive studies, including serum pro- 
teins, venous pressure, circulation time, 
electrocardiogram and Roentgen ray ex- 
amination of the heart failed to disclose 
the etiology of the residual edema exhibit- 
ed by 1 of these patients. 


the lower extremities. 
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Intestinal parasites 


prisonment. 


as late.as December 1945. 


GYNECOMASTIA DUE TO MALNUTRITION 


Chronic dysentery, chronic malaria and 
acute infectious hepatitis occurred in 
j high proportion of the cases during im- 


very common. Although specific treat- 
ment was instituted in many cases before 
they came under our observation, half 
the cases still harbored 1 or more parasites 


As already indicated, gynecomastia oc- 
curred after prolonged malnutrition, but 
in 17 cases it did not appear until shortly 
after the resumption of a normal diet. 
The latter group includes 2 patients who 
developed gynecomastia in prison follow- 
ing a temporary increase in the diet. In 
both instances gynecomastia subsided in 
several months, only to recur when a 


PaBLE 2. or Driers EaTeEN BY PRISONERS-OF-WAR WHO DEVELOPED GYNECOMASTIA 


)1 


Philippines (2 to 2 
Japan (1 to 1} yrs.) 


yrs. 


Content: 
Rice (polished) 
Barley or millet 
Soy bean 
Bread 
Meat 
Fish 
Egg 
Milk (10% of patients) 


Vegetables: native spinach (tele- 
lium), sweet potato tops (com- 


ote), string bean leaves 
Radishes (dikon) 
Seaweed 

Potato 


Fruit: bananas, mangoes, papayas, 


oranges, limes 
Tangerines, apples, pears 


3.—NUTRITIONAL History OF 


Average daily content of prison diet: 


Protein 
Fat 
Carbohydrate 
Calories 
Weight loss: 
Average 
Range 
Nutritional diseases: 
Beriberi 
With edema 
Pellagra 
Scurvy 
Complicating diseases: 
Dysentery (unclassified) 
Malaria 
Acute infectious hepatitis 
Intestinal parasites 
Ascaris lumbricoides 
Hookworm 
Trichuris trichiura 


Entameba histolytica 


(gm./No. days) 


480 to 520/day 


Strongyloides stercoralis 


Average daily intake 


Carbohydrate 


Protein Fat 
gm.) gm.) (gm.) Calories 
43 yf 353 1658 
41 S 397 1824 
Philippines Japan 


(gm./No. days) 


280/day (Formosa) 
450/day (Japan) 
30/3 days 
40/30 days 


100/7 days 


30/7 days 30/7 days 
30/30 days 


30/day 


100/day 


30/day 
15/2 days 
30/3 days 


1 to 3/7 days 


1/60 days 
> 48 Cases or Dietary GYNECOMASTIA 


42.0 grams 

7.5 grams 

375.0 grams 
1735 .0 calories 


61.1 lbs. (27.7 kg.) 
27 to 100 Ibs. (12.3 to 45.5 kg.) 


44 
38 
38 
27 
34 
30 
25 
23* 
15 
6 
1 
1 
2 


* Demonstrated in December 1945. Other data in table refer to conditions during imprisonment. 
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normal diet was resumed on release from 
prison. 

The early and late effects of a good diet 
following prolonged malnutrition differed. 
In a general way it may be stated that it 
aggravated or precipitated many gyneco- 
mastias during the first 3 months, but 
that as dietary treatment was continued 
more and more cases were improved or 
cured. 

As indicated in Table 4, the immediate 
effects of a normal diet were to precipitate 
or aggravate gynecomastia in half the 
cases. A much smaller group showed im- 
provement during this period. In strik- 
ing contrast were the effects of a normal 
diet at the end of 5 months. By then all 
but 2 of the gynecomastias were improved 
or cured. Four cases underwent sponta- 
neous cure in prison before any improve- 
ment in the diet occurred. 


made of the actual food intake, but we 
know it was poor in many instances. Di- 
gestive disturbances and abdominal dis- 
tension were very common following the 
initial period of overeating, so that many 
patients ate sparingly at the hospital. 

The effect on the recovery rate of gyne- 
comastia of a high protein diet supple- 
mented with 90 gm. of casein was studied 
in 16 patients. The diet was begun dur- 
ing the 4th month of treatment. When 
the effects were compared with those in- 
duced by the routine diet during the same 
period, no significant differences could be 
found. 

Although multivitamin capsules were 
offered as part of the diet from the time 
of release, their content was so variable, 
and they were taken so irregularly that 
their effects could not be assessed. <A 
group of 8 patients, therefore, was given 


TaBLe 4.—A COMPARISON OF THE EARLY AND LaTE EFFECTS oF A NorMAL Diet 
FOLLOWING PROLONGED MALNUTRITION 
Early Effects (2 weeks to 3 months) 
Gynecomastia precipitated or aggravated 25 
Gynecomastia improved 14 
No effect on breasts 9 
Cases with gynecomastia when diet was started 27 
Improved 14 
Aggravated 
Unchanged 5 
Cases without gynecomastia when diet was started 21 
Gynecomastia precipitated 17 
No effect on breasts 1* 
Late Effects (5 to 7 months) 
Gynecomastia improved or cured 42 
Gynecomastia unimproved 2 
No effect on breasts 4* 


* 


No data were available on the content 
of the diet eaten during the first 3 months 
following release from prison. It must 
have been high in protein, calories and 
vitamins, as the patients recovered their 
former weights and all signs of vitamin and 
protein deficiency disappeared rapidly. 

At the hospital the usual diet for ambu- 
latory patients, containing 80 gm. of pro- 
tein and 3000 Cal., was offered to all but 
16 of the cases. No measurements were 


Spontaneous cures before normal diet was resumed. 


a large supplement of vitamin B complext 
for 30 days at the end of the 3rd month 
of treatment. There was considerable 
improvement of the gynecomastia at the 
end of the period, but when the results 
were compared with those of a regular 
diet during the same period, no signifi- 
cant difference could be demonstrated. 
Liver. The liver was investigated for 
abnormalities of structure and function 
which might be correlated with a disturb- 


7 Thiamin chloride 15 mg , riboflavin 9 mg., nicotinic acid amide 150 mg. and 9 brewers’ yeast tablets 


daily. 
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ance of estrogen metabolism leading to 
gynecomastia. Our findings are summar- 
ized in Table 5. 

More than a third of our cases exhibited 
hepatomegaly, impaired liver function or 
both. The interpretation of these abnor- 
malities, with regard to their relation to 
malnutrition, is complicated by the fact 
that 25 patients had a history of acute 
infectious hepatitis in the past. A high 
proportion of individuals, presumably 


PaBLe 5. 


Hepatomegaly 
With tenderness 
With impaired function 


Impaired function 
Two or more tests abnormal 


Functional tests: 


No 

tests 
One minute bilirubin 35 
Total bilirubin 35 
Thymol turbidity 35 
Ceph.-chol. flocculation 12 
Urobilinogen 
Serum proteins 30 
Reversal A/G ratio 30 
Bromsulphalein $2 


Spider nevi 
With enlarged liver 
With impaired function 


Reticulated erythema 
With enlarged liver 
With impaired function 


mastia be related in point of time to the 
active stage of the disease. 

Although the observed hepatomegaly 
was only moderate in degree, it is signifi- 
cant that in more than half the cases it 
was associated with tenderness. Only 3 
of these 5 cases had a history of hepatitis. 

Almost a quarter of the group exhibited 
impairment of liver function. As indicated 
in Table 6, the degree of impairment was 
always mild, and in only 3 cases was it 


SUMMARY OF INVESTIGATION OF THE LIVER IN 48 Cases OF DieTARY GYNECOMASTIA 


9 
5 
1 
11 
3 
Abnormal Confirmed by 
tests other tests Hepatomegaly 
0 
1 1* 
1 0 0 
7 3 1* 
3 2 1* 
0 
| 0 
0 
7 
1Y 
4 
3 


Relationship of abnormal findings to history of hepatitis 


Total Hepatitis No hepatitis 
(48 cases) (25 cases) (23 cases) 
Hepatomegaly and/or impaired function . 19 13 6 
Hepatomegaly 5 
Impaired liver function 11 y 2 
Spider nevi 7 5 2 
Reticulated erythema 19 7 12 


cured of this disease, exhibit similar resid- 
uals.* Significantly, half our cases with 
. history of hepatitis and only a quarter 
f those without such a history exhibited 
ibnormalities of the liver. Nevertheless, 
in the latter group no cause other than 
nalnutrition could be found for the ob- 
erved hepatomegaly or impairment of 
function. 

In none of the cases with a history of 
acute hepatitis could the onset of gyneco- 


demonstrable by more than 1 test. How- 
ever, it should be noted that the full 
battery of tests was not performed in 
every case. All but 2 of these cases had 
a history of hepatitis in the past. 

The association of cutaneous spider nevi 
with liver disease, nutritional deficiency 
and pregnancy is well recognized. Recent 
work’ suggests that their occurrence is 
related to an increase in circulating 
estrogen. 
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A significant number of our cases had 
| or 2 spider nevi. They were located on 
the chest in 3 and at the base of the neck 
in 4 patients. Although 5 of these had a 
history of infectious hepatitis it is unlikely 
that the nevi were related to it. When 
spider nevi occur in infectious hepatitis, 
the disease is usually active and severe. 
It is more likely, therefore, that they were 
related to malnutrition. 


TABLE 6.— LIVER 
l 0.05 0.45 4 ( 
0.07 0.15 > 0 
) 0.07 0.55 
r 0.07 0.15 $ ! 2 0 
7 0.05 0.10 4 2 3 
) 0.15 0.75 0 
0 0.10 0.30 
0.17 2 2 ) 
0.10 0.60 
4 0.07 0.45 1.40 
0.10 0.45 2 
6 0.07 0 ) 76 
0.15 0.90 
s 0.05 0.75 ‘ 
19 0.05 0.3 
0.10 0.90 
> 
2 
24 0.07 0.40 
2 0.07 0.30 0) 
26 0.05 0.25 4 
27 0.07 0.45 ; 
29 0.05 0.75 
0.07 0.45 1 
$2 0.07 0.35 
$4 0.15 0.60 0 
35 0.05 0.55 2 1+/3 
$¢ 0.10 0.35 
38 0.07 0.60 4 l 2 
) 0.07 0.45 2 
40 0.07 0.45 5 
43 0.07 0.76 2 0 
45 0.17 0.35 2 
46 0.10 0.50 l 
47 0.05 0.25 2 | 
+s 0.20 0.45 ] 


+ Tenderness and hepatomegaly. 
{ Values below 1.3 units recorded as 0. other values are 
before admission to hospital. 


Palmar erythema occurs under the same 
conditions as spider nevi.*:** More than 
a third of our cases exhibited a striking 
bright reddish-purple mottling of the 


palms with a diffuse erythema of the finger- 
The mottling disappeared promptly 
when the hands were elevated for 10 to 


tips. 


GYNECOMASTIA 


DUE TO MALNUTRITION 

15 seconds and reappeared when they 
were returned to the dependent position. 
There were no significant changes in the 
The appear- 


ance of the hands resembled that seen in 


skin, nails or sweat glands. 


livido reticularis? 

Of the 7 cases with spider nevi, 5 also 
showed palmar erythema, suggesting that 
the 2 conditions be related. 


may Sig- 


nificantly, hepatomegaly or impairment 


FUNCTION STUDIES 


3S 
0 0 0 0 2+ 
7.0 0 0 
6.10 0 0 
6.28 Of) 0 0 0 
6.70 60 1.7 0 0 
6.80 3.70 0 1+ 
6.32 4.12 0 0 4 
0 l 0 0 
OO 69 0 + 1+ 
». 82 71 ( + 0 
6.70 0 1+ 
33 0 0 0 
75 9 5 0 0 0 0 
7 Oy 7 0 0 0 
6.900 4.10 ( 0 0 2-4 
46 0 0 0 2+ 
6.15 0 0 0 1 
7.18 4.23 0 0 0 0 
a4 0 0 0 1+ 
>. 50 74 a 0 l 0 l 
6.25 64 0 0 0 
th. 61 0 0 
( } 0 0 0 
l 0 0 
6.75 1.00 0 0 
6.17 0 1+ 
4.65 0 0 0 
0 a 0 
( Of) 0 0 0 4 
0 0 
7.70 4 64 0 0 0 0 0 
6.52 fT) 0 0 0 0 
; 0 0 0 
6.85 4 0 
0 I 0 0 
7.00 £.2¢ 0 0 0 0 0 
0 0 0 14+ 
7.00 4.15 0 0 0 0 


Cases 1 to 36 had gynecomastia when tests were performed 


highest of 3 specimens. Cases 36 to 48 had gynecomastia 
of the 


those with impairment of function, all 


of liver function occurred in 7 


19 patients with palmar erythema. 


had a history of hepatitis, but 3 of the 
4 cases with hepatomegaly had no such 
history. 
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Endocrine System. Clinical investiga- 
tion disclosed significant changes in the 
genital system in an appreciable number 
The other endocrine glands 


The 


of our cases. 
appeared to be normal clinically. 
findings are summarized in Table 7. 

Although the testes usually appeared 


As indicated in Table 7, the spermatozoa 
were decreased in number and motility in 
released prisoners both with and without 
gynecomastia. There was a very poor 
correlation between the sperm count and 
the size of the testes or the state of libido 
and potency. . 


SysTeM IN 48 Cases OF 


TABLE 7.—SUMMARY OF INVESTIGATION OF THE GENITAL 
Dietary GYNECOMASTIA 
Atrophy of the testes 15 
Enlargement of the prostate 2 
Sexual function: 
Loss of libido after imprisonment 45 
Persistence of diminished libido after treatment — 
Diminished sexual potency after treatment 15 
Sperm counts (normal minimum values: 3 to 10 cc., 60 millions, 75% motile): 
Prisoners With Active Gynecomastia 
Volume Sperm Motility Atrophy of Diminished Diminished 
Case (ce.) (millions) (%) testes ibido potency 
15 4 37 75 + + ? 
19 6 42 50 } 0 + , 
20 4 14 15 0 0 0 
27 7 160 90 0 0 0 
Prisoner With Gynecomastia in the Past 
165 9 84 80 0 } 4 
Prisoners Without Gynecomastia 
H. 7 63 75 ? ? ? 
R. W. G. 10 20 6 80 ? ? ? 
H. 38. 5 20 1 50 ? ? ? 
R. A. Z. . 5 12 6 50 ? ? ? 
normal, almost a third of them proved to Comment. From the evidence pre- 


be atrophic on direct measurement. There 
was no decrease in the size of the penis 
and the distribution of hair, contour of 
the body, texture of the skin and voice 
were within normal limits. Slight diffuse 
enlargement of the prostate was noted in 
2 of the 6 patients examined. 

Complete loss of libido occurred during 
imprisonment in all but 3 cases. A similar 
loss also occurred in most of the prisoners 
without gynecomastia. It took several 
months to develop (average 5.6) but the 
administration of an adequate diet effect- 
ed a rapid return of libido, usually in a 
few weeks. Nevertheless an appreciable 
number of patients still had diminished 
sex desire after 3 months of dietary treat- 
ment. Furthermore, many of them noted 
loss of potency at this time, as indicated 
by a failure of erection, premature ejacu- 
lation or loss of orgasm. 


sented it seems reasonably certain that 
the form of gynecomastia described in 
this report was due to malnutrition. The 
only other etiologic factor that might be 
considered is acute infectious hepatitis, 
which occurred in 25 of our cases. Gilder 
and Hoagland'* have demonstrated an 
increase in estrogen excretion in this dis- 
ease, and gynecomastia has recently been 
encountered as a complication.” Both 
the increased excretion of estrogen and 
the appearance of gynecomastia occurred 
during the active phase of the disease. 
In none of our cases could the onset of 
gynecomastia be related in point of time 
to the hepatitis. Furthermore, 23 cases 
of gynecomastia occurred in individuals 
with no history of hepatitis, so that it 
appears unlikely that hepatitis was the 
primary etiologic factor, although it can- 
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not be excluded as a contributing factor 
in some cases. 

The mechanism by which malnutrition 
induced gynecomastia and the explanation 
for its occurrence both during malnutrition 
and following the resumption of a normal 
diet warrant further consideration. 

The abnormalities of the liver and tes- 
tes, demonstrated in a significant number 
of these cases, suggest at least 2 possible 
mechanisms: (1) malnutrition impairs the 
ability of the liver to inactivate estrogen 
and thereby induces hyperestrinism and 
gynecomastia; and (2) malnutrition de- 
presses testicular function, either directly 
or through the pituitary, with the resul- 
tant decrease in androgen or “inhibin” 
activity leading to gynecomastia. 

The relationship between gynecomastia 
and liver disease was noted first in cir- 
rhosis."*7 Estrogen is normally inacti- 
vated by the liver. An increased excre- 
tion of estrogen, especially of the uncon- 
jugated form, occurs in cirrhosis compli- 
cated by gynecomastia.”" There is abun- 
dant evidence to indicate that estrogen 
plays an important réle in the pathogen- 
esis of gynecomastia. Indeed, some work- 
ers'®.8° believe it is the major factor in all 
cases. An increased excretion of estrogen 
has been found in cases of gynecomastia 
associated with chorioepithelioma of the 
testes’ and carcinoma of the adrenal cor- 
tex*® and gynecomastia has been produced 
by the administration of estrogen both in 
man" and in experimental animals."**! 

Experimental rats fed diets deficient in 
vitamin B complex develop a functional 
impairment of estrogen inactivation by 
the liver.’.7:°* There is some evidence to 
indicate that this occurs also in humans.°*:"° 
Recently it has been found that the effects 
seen in rats are due to general malnutri- 
tion and not to a specific vitamin defi- 
ciency. A similar decrease in estrogen 
inactivation occurs in rats on cirrhosis- 
producing diets'® indicating the impor- 
tance of protein deficiency. Unna and 
his associates have presented evidence to 
suggest that the liver requires an adequate 
supply of both protein and vitamin B to 


maintain its function of estrogen inactiva- 
tion. 

A significant number of our patients 
exhibited signs of liver damage. Although 
antecedent hepatitis could not be exclud- 
ed as an etiologic factor in some, no cause 
for liver damage other than malnutrition 
could be found in the remainder. Meien- 
berg and Snell*® have also noted liver 
damage in malnourished prisoners-of-war. 
These findings lend support to the hypoth- 
esis that the gynecomastia in our cases 
was due to an impairment of estrogen 
inactivation induced by malnutrition. 
The disturbance in estrogen metabolism 
which occurs in vitamin B deficiency is 
unaccompanied by histologic changes in 
the liver.2 Estrogen destruction is ac- 
complished by an oxidative enzyme sys- 
tem.** Malnutrition may upset this 
mechanism by altering the internal chem- 
ical environment of the liver without 
inducing other structural or functional 
changes. Thus, the absence of overt 
liver damage in many of our cases does 
not exclude a functional derangement of 
estrogen metabolism. 

Our patients lived on diets deficient in 
protein, vitamins and calories for a long 
time. The data do not indicate which 
of these factors was responsible for the 
gynecomastia. No special significance can 
be attached to our failure to demonstrate 
a curative effect of large supplements of 
vitamin B and protein, since these experi- 
ments were undertaken so late in the 
course of treatment. 

The liver presumably requires one or 
more elements in the diet to maintain 
its function of estrogen inactivation. It 
is possible that in those cases in which 
gynecomastia was precipitated by a good 
diet, the requirement of these elements 
fell with the metabolic rate during mal- 
nutrition, so that an otherwise inadequate 
diet sufficed. During the initial period of 
restored nutrition, however, when the 
metabolic rate was rising rapidly, the re- 
quirement was so great that even the 
normal diet failed to meet it. A similar 
mechanism may operate in the hitherto 
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unexplained gynecomastias that occur oc- 
casionally in hyperthyroidism.*® 

The 4 gynecomastias that recovered 
spontaneously during the state of malnu- 
trition are of interest. MacDonald™ has 
found that administration of estrogen to 
castrate rabbits induces hyperplasia of the 
breasts, but that if it is continued for 
over 100 days the breasts return to nor- 
mal. Thus, spontaneous recovery in our 
cases may have been due to unusually 
prolonged estrogen activity. 

The association of gynecomastia and 
atrophy of the testes is well recognized." *° 
It has been suggested that the testes 
inhibit growth of the breast in normal 
males*’ and androgen has been employed 
with some success in a few cases of gyneco- 
mastia.'** There is evidence, however, to 
contradict this hypothesis. Gynecomastia 
frequently does not respond to androgen 
therapy.”°° An increase in androgen ex- 
cretion has been reported in gyneco- 
mastia,** and injections of androgen have 
produced gynecomastia in humans® and 
in experimental animals.® 

Klinefelter and his associates** have 
recently described a number of gyneco- 
mastias with atrophic testes in which 
biopsies revealed hyalinization of the sem- 
iniferous tubules with normal appearing 
interstitial cells. They review the evi- 
dence for the existence of a second testicu- 
lar hormone, X-hormone (inhibin), secret- 
ed by the seminiferous tubules, and sug- 
gest that in their cases gynecomastia was 
due to the normal growth-promoting effect 
of androgen on the breast, in the absence 
of the inhibiting effect of X-hormone. 


8 


The oligospermia and loss of libido and 
potency indicate that there was a decrease 
in both tubular and interstitial cell activ- 
ity in our cases. If Klinefelter’s hypoth- 
esis is correct, it is possible that gyneco- 
mastia occurred because X-hormone was 
decreased to a greater extent than andro- 
gen; furthermore, that in the gyneco- 
mastias that were precipitated by a good 
diet the return of androgen activity to 
normal was more rapid than that of X- 
hormone. 

Testicular atrophy occurs in malnutri- 
tion®® and severe liver damage.” It was 
probably due to malnutrition in our cases. 
The degree of liver damage we encoun- 
tered appears to be too mild to account 
for testicular atrophy. There is some 
evidence that the effects of malnutrition 
on the testes are mediated through the 
pituitary,” although a direct effect cannot 
be excluded. 

Our observations do not warrant any 
definite conclusions regarding the patho- 
genesis of gynecomastia due to prolonged 
malnutrition. 

Summary. 48 cases of gynecomastia are 
presented with evidence to indicate that 
they were due primarily to chronic mal- 
nutrition. Clinical investigation revealed 
abnormalities of the liver and genitalia. 
The relationship of these abnormalities 
to malnutrition and their possible réle in 
the pathogenesis of gynecomastia has 
been discussed. The findings do not war- 
rant any definite conclusions regarding 
the pathogenesis of gynecomastia due to 
malnutrition. 
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GYNECOMASTIA DUE TO MALNUTRITION 
Il. ENDOCRINE STUDIES* 


By Wituiam T. 


SALTER, M.)). 


GERALD KLATSKIN, 
AND 
Frances D. Humo, 
NEW HAVEN, CONNECTICUT 


(From the Departments of Pharmacology and Internal Medicine, Yale University School of Medicine) 


In the communication immediately pre- 
ceding, the occurrence of gynecomastia 
in relation to severe malnutrition was 
described. It was suggested that derange- 
ment of liver function may have con- 
tributed to this lesion. The problem, 
however, seemed to be primarily one of 
endocrine imbalance, especially because 
testicular atrophy was noted. Accord- 
ingly determinations of 17-ketosteroids 
(“androgens’’), estrogens, “cortins,” and 
follicle-stimulating hormone in the urine 
were undertaken. 

These determinations were made at a 
time when the subjects had returned to 
normal weight, and at intervals varying 
from 1 to 38 months after the onset of 
the gynecomastia. The object of the 
laboratory studies was to test the various 
hypotheses as to mechanism, which re- 
solve themselves into 2 main categories 
as follows: 

1. Malnutrition impairs the hepatic in- 
activation of estrogen and thus leads to 
hyperestrinemia. 

2. Malnutrition depresses the pituitary, 
with secondary atrophy of the testes and 
resulting decrease in androgen excretion 
and possibly of “inhibin” activity. 


Experimental Methods. Twenty-four hour 
urine samples were collected with toluene 
as a preservative, and immediately acidified 
to pH 6 with acetic acid. The urines were 
obtained from subjects who were patients in 
a military hospital and from civilian gyne- 
comastics in New Haven. Control urine 
samples were collected from individuals in 


3 categories, namely, (a) released prisoners- 
of-war without gynecomastia; (b) medical 
corps personnel from the same hospital, and 
(c) normal men and women from New Haven. 
The urines were extracted according to the 
scheme outlined by Pincus" with minor 
modfications. Because the urines from mili- 
tary personnel were shipped by express over 
1000 miles, special care was taken to com- 
pare control and test urines obtained under 
like conditions. The method of Cahen and 
Salter was used for the determination of 
17-ketosteroids.! Cortins were determined 
by a modification of the method of Talbot." 
Estrogens were determined by bioassay, 
according to the modified Marrian procedure 
as described by Thayer and Doisy.'? In 
certain instances these estrogen values were 
confirmed by a chemical method developed 
in this laboratory. Follicle-stimulating hor- 
mone was estimated roughly by the method 
of Klinefelter, Albright and Griswold. 
Tests for liver function have been described 
in the communication immediately preceding. 


Results. The data for 17-ketosteroids 
are illustrated in Figure 1 and Tables 1, 
2 and 3. 

Gynecomastia in Military Personnel 
Although a few of the 27 values for gyneco- 
mastic patients were within the normal 
range for males, the group as a whole 
showed low values. When construed as 
an array of increasing values, the group 
constituted a statistical population which 
fell intermediate between those of normal 
males and normal females of the same age 
group (20 to 45 years). The respective 
mean values, expressed in milligrams per 
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24 hours, were 8.4+2.2 for females; 
10.3+2.9 for gynecomastic males, and 
14.2+4.8 for normal males. It will be 
observed that the values for normal males 
in New Haven indistinguishable 
from the group obtained for controls in 
the Army camp. Statistical analysis by 
Miss Barbara Bartels showed, further- 


tion of estrogens was made on castrated 
female mice by a bioassay procedure which 
is much less accurate than the chemical 
method used for 17-ketosteroids. There- 
fore, no great emphasis is placed upon 
absolute values, but rather the relative 
magnitude of the excretion was considered 
significant. It was quite clear, however, 
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Fig. 1.—On the basis of 17-ketosteroid excretion, the cases of gynecomastia constituted a population 
distinct from either normal males or normal females. 
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more, that the population of gynecomas- 
tics was discrete from either the group of 
normal males or the group of normal 
females: the probability values, P, were 
both less than 0.01 that this discrimination 
was accidental. 

As shown in Table 4, the excretion of 
“cortins” was normal. The determina- 


URINARY EXCRETION OF ToTaL 17-KETOSTEROIDS IN NORMAL FEMALES 


tank 17-Ketosteroids 
ordet mg. per 24 hr.) 
l 5.2 
2 5.9 
3 6.1 
5 7.6 
8.4 
7 8.5 
S 8.5 
9 8.5 
10 9.3 
11 9.6 
12 9.9 
13 14.0 


8.35 + 2.24 


that the excretion of estrogens was low in 
the gynecomastic group as compared with 
simultaneous analogous determinations on 
normal controls. Moreover, , chemical 
analyses for estrogens by a method devel- 
oped in this laboratory yielded low results. 
The biologic data are presented in Table 4. 
No significant amount of unconjugated 
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estrogens could be detected, although at 
low excretion levels this determination 
has little significance. As regards the 
estrogen-androgen ratios, moreover, they 
were no higher than in the normal males. 
The normal! ratios, as shown in Table 4, 
range from 0.11 to 0.74. The comparable 
range for the gynecomastics was from 
0.05 to 0.76. Obviously there was no evi- 
dence of an estrogenic preponderance at 
the time these patients were studied. 


In these cases, also, the excretion of 17- 
ketosteroids was low and the estrogen: 
androgen ratios were normal. 

Discussion. Many theories have ap- 
peared in the last few years on the mechan- 
ism of gynecomastia.?:7°? In this com- 
munication pertinent facts are presented 
in the form of hormonal values for a group 
of gynecomastia cases associated with 
malnutrition. 

Beside gynecomastia, these patients 


Taste 2.—Urinary Excretion oF AND ‘‘CortTINS’’ IN NORMAL MALEs 
From ARMY AND CIVILIAN GROUPS 


Rank 


Subject (order) 
J. G. &, 1 
R. B.* 2 
E. M. K.* 3 
R. O.* 4 
N.* 5 
B. G. 6 
J. C.* 7 
S.* 
B.* 9 
O. K. 10 
Ws. 11 
S. K. 12 
Z.* 13 
R.* 14 
15 
D. M. 16 
Ww.* 7 
J. W.* 18 
V. D. 19 
E. R. 20 
R. M. 21 
E. Me. 22 
T.S. 23 
R. C. 24 
G. K.* 25 
S.* : 26 
Mean 


* Army (14 cases). 


As regards the follicle-stimulating hor- 
mone, no elevation above the normal excre- 
tion level could be demonstrated. Not 
nuch emphasis, however, could be placed 
upon this negative finding because the 
stability of the FSH was unknown under 
the conditions of the experiment. 

Gynecomastia in Civilians. Both Tables 
| and 4 contain additional data obtained 
‘rom a heterogeneous group of gyneco- 
‘mastias encountered in New Haven. None 


if them were associated with malnutrition. 
VoL. 213, no. 1—sanvuakRy, 1947 


17-Ketosteroids **Cortins"” 
(mg. per 24 hr.) (mg. per 24 hr.) 


3.1 0.63 
8.3 1.17 
8.4 0.73 
9.2 0 66 
9.5 0.14 
11.0 

11.1 0.60 
11.4 0.68 
11.8 0.24 
13.0 

13.0 

13.0 

13.4 1 67 
13.7 0.71 
14.0 

14.0 

14.7 0.85 
14.7 

15.0 

16.0 

19.0 

20.0 

20.0 

20.0 

20.8 1.06 
22.7 1.14 
23.0 

14.2+4 8 0. 79+0 37 


showed testicular atrophy and low “andro- 
gen” excretion. Associated with these 
findings was a concomitant oligospermia 
and a diminution in potency. Unfortu- 
nately, it is not known whether these 
testicles showed the hyalinization of the 
tubular tissue described by Heller and 
Nelson. It is already established that 
low 17-ketosteroid excretion may follow 
either cachexia“ or liver damage.** Both 
factors may have been operative in these 
prisoners-of-war. The finding of a dim- 
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inished 17-ketosteroid excretion, accord- 
ingly, raises the possibility that a decrease 
in androgens was responsible for the breast 
development. This theory has led some 
investigators® '* to test the therapeutic use 
of testosterone in gynecomastia, but with 
conflicting results. The best evidence that 
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In addition to a marked tendency 
toward testicular atrophy in both groups, 
the liver is also suspect. In the malnour- 
ished group definite evidences of this has 
been recorded in the preceding communi- 
cation. In addition, histologic examina- 
tion of 2 cases has been reported by 


raBLE 3.—GYNECOMASTIA— URINARY EXCRETION OF 17-KETOSTEROIDS AND ‘‘CORTINS”’ IN 
GYNECOMASTIA IN MILITARY AND CIVILIAN HospitTaL PaTIeNts 


Interval 
Diameter since onset 
17-Ketosteroids ‘‘Cortins” of breast of gyneco- Liver 
Case Rank mg. per mg. per tumor mastia Atrophy dysfunc 
Ni Patient order) 24 hr.) 24 hr.) em.) mos.) of testes tion 
Military Personnel 
31 Nich, 1 4.1 0.95 3.5 29 0 
35 Tyr 2 4.3 0.89 1 0 + 
15 Hiet. 3 6.1 1.75 2.0 36 } 0 
9 Fer. 0.21 3.5 33 0 + 
32 Hop. 5 7.8 1.29 2.0 l t 0 
5 Cen. 6 1 48 2.5 4 0 0 
23 Oliv. 7 8 ] 0.83 10 364 0 
39 DeG. 8 8.3 0 40 0 33 0 0 
34 Stra. 9 8.6 1.25 $0 2 0 0 
6 Chris. 10 9.5 0.41 3.0 ; 0 + 
18 John E. 11 10.1 2.15 2.0 4 + + 
25 Rog. 12 10.5 0.57 3.5 13 0 0 
26 Shad. 13 10.5 1 95 2.5 l 0 0 
ll Gim 15 10.9 1.12 1 0 j 0 t 
33 Alb. 16 10.9 0 48 2 0 36 + 
4 Bur. 17 11 0 0.53 2.0 3 0 
7 Dam. 1s 11.0 0 40 2.0 25 v0 + 
10 Fitz. 11.4 1.93 2.5 3 
13 Hay. 20 12.3 1.00 3.0 1 } 1) 
$3 Sch. 21 12.6 O 22 0 33 { 0 
14 Hilt. 22 13.1 0.73 1 0 2 + + 
16 Hop. C. 23 13.2 1.41 2.0 13 + + 
17 Imm, 24 13.7 2.36 3.0 38 + + 
19 John M., 25 13.8 0.53 2.0 13 + 0 
46 Vand. 26 14.5 1.05 0 19 0 0 
48 Horn. 27 15.0 0 61 0 12 + 0 
Mean 10 3+2 9 1.02+0 60 
Civilians 
POP Cartw. 1 2.2 0 l 0 P 
B82024 LaBr. 2 4.0 0.27 
Ss Stew. 3 4.2 0 
POP Sco. 4 5.4 0 5.0 24 i 0 
PP 205 Spra. 5 7.8 0.37 0 
Welc. 6 99 0.38 } 
Mean ; 5.6 0.17 


a diminished androgen output probably 
does not account for gynecomastia lies in 
the fact that gynecomastia has been in- 
duced by injections of testosterone!’ and 
also that in some cases of gynecomastia 
an increased excretion of androgen has 
been demonstrated." 


Case numbers refer to patients discussed in the communication immediately preceding. 


Meienberg and Snell," through whose 
courtesy we were able to examine their 
manuscript on “ Nutritional Deficiency as 
a Probable Cause of Hepatic Damage in 
Repatriated Prisoners-of-war.” Their bi- 
opsy specimens showed fatty infiltration 
and other evidence of liver impairment; 
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presumably transient in character. More- 
over, these authors studied 51 such’ pa- 
tients who were repatriated prisoners-of- 
war, and found a high incidence of clinical 
and laboratory evidence of hepatic dam- 
age. Dietary deficiencies were considered 
as possibly responsible, in the absence of 
any evidence of the rédle of hepatotoxic 
agents or of systemic disease. 
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ponderance had passed before the mam- 
mary hyperplasia was observed. It might 
also be maintained that the urinary excre- 
tion of estrogens does not reflect ade- 
quately the concentration of circulating 
hormone. This latter supposition, how- 
ever, appears contrary to the general 
experience in other physiologic and patho- 
logic conditions involving estrogenic activ- 


TABLE 4.—-UrINARY EXCRETION OF ESTROGENS IN GYNECOMASTIA 


Rank 17-Ketosteroids Estrogen: 
Case (order in Total estrogens “androgens” androgen 
No.* Patient androgen table) (mcg. per 24 hr.) (mg. per 24 hr.) ratio 
Military Personnel 
32 Hop. 5 06 7.8 0.08 
13 Hay. 20 0.7 12.3 0 06 
48 Horn. 27 0.7 15.0 0.05 
11 Gim. 15 1.5 10.9 0.14 
14 Hilt. 22 18 13.1 0.14 
34 Strak. 9 2.0 8 6 0.23 
18 John E. 11 2.4 10.1 0 24 
26 Shad. 13 2.6 10 5 0.25' 
3 Nich. 1 3.1 4.1 0.76 
15 Hiet. 3 3.1 6.1 0.46 
6 Chris. 10 4.2 9.5 0 44 
10 Fitz. 19 4.7 11.4 0.41 
17 Imm. 24 47 13.7 0.34 
Mean 2.5+1.4 10.2+2.8 
Civilian Patients 
POP Cart. 1 an 2.2 0.95 
Ss Stew. 3 28 4.5 0 62 
POP Sco. 4 19 6.5 0.35 
PP 205 Spra. 5 09 7.8 0.11 
Mean 19 48 
Normal Controls 
smi. 2.3 3.3 0.74 
Kin. 2 16 8 4 0.19 
Nud. 3 2.2 95 0 23 
Rub. 1 42 13.7 0 31 
Wat. 5 90 147 0.61 
Klat. 6 8 6 20.8 0.41 
Sten. 7 2.4 22.7 0.11 
Mean 43 13.3 


Although several theorists have pro- 
posed estrogen imbalance as a_ possible 
cause of gynecomastia, these patients 
showed a low urinary estrogen excretion. 
[hese low values were obtained through 
ioassay on castrated mice, and confirmed 
'y a colorimetric method recently devel- 
yped in this laboratory. Of course, it 
night be assumed that the estrogenic pre- 


Case numbers refer to patients discussed in the communication immediately preceding. 


ity. With respect to a hypothetical pre- 
ponderance of estrogen, it is striking that 
the ratio of estrogens to androgens is 
normal despite the low androgen values 
observed. In short, the normal estrogen: 
androgen ratio reflects a proportionate 
diminution in the excretion of both sex 
hormones. 

It is of interest that a heterogeneous 
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group of gynecomastias encountered in 
civilians without malnutrition showed es- 
sentially the same hormonal excretion and 
normal estrogen : androgen ratios. 

The réle of the pituitary in gynecomastia 
remains obscure. In Heller’s cases of 
Sertolian atrophy there was a high excre- 
tion of follicle-stimulating hormone.’ Like- 
wise, in the group of gynecomastias re- 
ported by Klinefelter, Reifenstein and 
Albright,® an excessive excretion of fol- 
licle-stimulating was noted, namely, the 
characteristic “castration phenomenon.” 
Our findings resemble those of both re- 
ports, except that no increase in FSH 
could be demonstrated. Obviously, a 
combination of quantitative data will be 
needed for the final solution of the mech- 
anisms involved in various types of 
gynecomastia. 

Summary. In 27 cases of gynecomastia 
of nutritional origin, determinations of 
urinary 17-ketosteroids, cortins, estrogens 
and follicle-stimulating hormone have been 
made. 


2. GriBert, J. B.: J. Urol., 44, 345, 1940. 


10. Kriss, B.: Arch. f. Gynak., 141, 503, 1930. 


PINGTON: J. Clin. Endocrinol., 6, 52, 1946. 


41, 389, 1939. 
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Control studies were made on normal 
individuals from the military and civilian 
populations. In addition, cases of gyneco- 
mastia occurring in civilian life were 
studied. 

As a group, the gynecomastics showed 
significantly lowered values for 17-keto- 
steroids. Estrogens were in the low nor- 
mal range. “Cortins” were normal. No 
elevation of follicle-stimulating hormone 
was detected. The estrogen: androgen 
ratio was normal. 

The findings distinguish this group from 
the gynecomastia of cirrhosis and acute 
hepatitis, but at the same time suggest 
that temporary derangement of liver 
function may play a prominent réle in the 
pathogenesis of the lesion. A_ possible 
alternative explanation is that the pitu- 
itary-gonadic axis is primarily involved. 

The group was not dissimilar to certain 
types of gynecomastia found in the civilian 
population. 
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REACTION IN 


COAST GUARD RECRUITS 


MILD RHEUMATIC REACTION IN COAST GUARD RECRUITS 


By Harvey PoutaKkorr, M.D. 
FORMERLY SURGEON (RESERVE), UNITED STATES PUBLIC HEALTH SERVICE 
BROOKLYN 29, N. Y. 


(From the U 


EACH winter and spring a high incidence 
of acute ankle arthritis has been noted 
at this Coast Guard Training station. 
Analysis of the 1945 outbreak leads to 
the conclusion that it is a mild manifesta- 
tion of rheumatic fever. Of all cases of 
rheumatic fever in the 1945 epidemic, 
54°% ran a significantly similar course 
characterized by transient mild ankle 
arthritis with a paucity of other symptoms. 

The clinical features are reported be- 
cause this pattern of rheumatic reaction 
not 
frequent either in civilian life or military 
outbreaks.'* 

Features. Practically all 
the cases were in new recruits, men from 


has been described previously as 


widely separated regions of the country, 
experiencing barracks life for the first 
Only 6 
of 52 had been on the station over 21 days; 


time, and under 19 years of age. 


only 4 had been in service over 90 days. 
Some patients would carry on with symp- 
toms a few days before reporting ill; 
others would report early. There are prob- 
ably unreported cases, in men who failed 
to report at sick call because they were 
able to carry on their duties. 

first noted in the 
morning with ankle pain and disability, 
Ex- 
amination showed redness, swelling. ten- 
derness, and heat about one or both ankle 
joints. Signs of intra-articular fluid were 
definite in most cases. In addition, there 
was a periarticular soft, non-pitting indu- 
ration of the adjacent skin and subcuta- 
neous tissue. Signs and symptoms would 
fade in a few days. Ankle signs or symp- 
toms lasted 1 day in 5 cases, 2 days in 
23 cases, 3 days in 14 cases, 4 days in 
3 cases, 6 days in 1 case and 7 days in 
1 case. Telangiectasis and ecchymoses 
about the involved skin would usually be 


Symptoms were 


occasionally with fever and malaise. 


. S. Coast Guard Training Station, Manhattan Beach) 


evident on the 2nd or 3rd day of involve- 
ment and would disappear a day or 2 
after subsidence of articular fluid. The 
highest emperature recorded was 103° F. 
Nine ran no temperature elevation; 4 
were febrile for 6 days; the remainder 
were febrile less than 3 days. In 30 of 
52, the maximum elevation was under 
101° F. 

Data from some cases are incomplete 
but all taken together confirm rheumatic 
involvement. When the 52 were analyzed 
carefully, 13 (25°) showed definite rheu- 
matic stigmata as reported in Table 1. 
In 29 cases 1 or more ECGs were taken, 
with evidence of transitory carditis found 
in 5. Of 48 cases, in which 1 or more 
sedimentation rates were taken, values of 
over 15 mm. per hour were found in 44 
and over 30 mm. per hour in 34. In 
31 men questioned as to a recent respira- 
tory infection, 22 gave positive answers. 
Of 40 questioned as to history of past 
rheumatic activity, 3 gave positive an- 
20 cases involved both ankles, 
19 cases the left ankle alone, and 13 cases 
the right ankle alone. 

Graphs show the monthly incidence of 
the ankle cases as compared with: (1) 
Rheumatic fever incidence. (2) Station 
(2) Station infirmary admissions for respi- 
(3) Station scarlet fever 


swers: 


ratory disease. 
incidence. 

The correlation between ankle incidence 
and the hospital rheumatic incidence is 
The relation to the peaks of 
respiratory illness and scarlet fever inci- 
dence is definite. 

It is probable that more rheumatic stig- 
mata would have been found if facilities 
and time allowed for: (1) Longer follow- 
up; (2) repeated ECG studies; (3) anti- 
streptolysin titer studies 


evident. 


37 
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Comment. This study describes a fea- 
ture of the rheumatic state! not previousl) 
emphasized. In over 50% of the cases 
of our 1945 outbreak, signs and symptoms 
were confined to a few days of mild ankle 
arthritis with little systemic evidence of 
rheumatic fever. Follow-up and group 
study was required to establish the diag- 


damage. 
‘ase 6. Stiffness of knees. 


1° and 2° heart block 


‘ase 11. Aches in calves, thighs and back. 


‘ase 13. Frequent nose-bleeds 
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which are usually considered non-rheu- 
matic.” Diagnostic criteria of Jones’ 
(1944) are significant. He advises in 
cases of transient mild polyarthritis, “If 
the patient has had tonsillitis, pharyngitis 
or even a cold in the past 2 or 3 months 
and serologic tests (such as antistreptoly- 
sin determination) indicate another recent 


TABLE 1 
Case 1. Aches in thighs, systolic murmur at apex. 
Case 2 ECG changes of ST segment and T wave, knee pain 
Case 3. Subsequent spread to knee and wrist, 1° heart block, eventual aortie and mitral 


ase 4. Systolic murmur at apex, subsequent spread to knee, elbow and wrist. 
ase 5. T wave changes, erythema marginatum. 


7. 3° heart block, T wave changes, harsh apical systolic murmur, pain in heels. 
‘ase 8. Stiffness and aches of calves and thighs. 


‘ase 10. Systolic murmur at apex, 1° heart block and spread to other joints 


vase 12. Apical systolic murmur transmitted to axilla. 


— — — — Rheumatic Fever Total 


Total Scarlet Fever 


Total Resp. Illness 1:10 


ANkic Cases Total 


nosis which was often missed in past years. 
It is inferred that all epidemics include 
many cases of a mild type plus a possible 
group of subclinical cases. Study of cases 
of this type show the incidence of rheu- 
matic fever to be higher than thought 
previously. 

Findings may be correlated with those 
of Hall and Anderson® (1943) who found 
a high incidence of rheumatic stigmata in 
detailed postmortem studies of “hearts 


= 
Jan. Feb. Mar. Apr. May Jun, Jul. Aug. 


Fig. 1 Monthly incidence of four items studies 


hemolytic streptococcus infection, the 
burden or proof rests with the physician 
who would not interpret such a syndrome 
as rheumatic fever. iy 

The ECG reports and follow-up empha- 
size the fact that the mildness of arthritic 
symptoms give no indication of proneness 
to cardiac involvement. Treatment should 
be guided by our experience that in 43 
patients who were kept at bed rest until 
sedimentation rates were normal, 29 re- 
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mained in bed over 7 days, while in 
9 cases in which sedimentation rates were 
not done, only 1 was kept in bed over 
Cohn and Lingg® (1943) have 
found that among patients first affected 
with rheumatic fever in adolescence, 40°; 
have polyarthritis alone. 

Ankle swelling as one of the initial 
symptoms, but not as the sole arthritic 
symptom of classical rheumatic fever was 
noted in 75°; of the cases in the outbreak 
reported Wheeler and Ingraham" 
(1945). They noted knee involvement 
in 80%, arthritis of other joints less fre- 
Localization to this joint alone 
in our series may result from peculiar 
conditions leading to the ankle strain in 
Coast Guard 
their first few weeks undergo considerable 


7 days. 


by 


quently. 


our recruits. trainees in 
strain which the orthopedist noted mainly 
in involvement of the plantar fascia and 
joints below the ankle. Trainees are on 
their feet 14 to 16 hours daily. They wear 
constrictive leggings of naval “boots.” 
Static and traumatic factors may evoke 
local visible clinical reactions which might 
otherwise remain sabclinical. 

Vaubel'® that 
intra-articular injection of horse serum, 
will 
arthritis of the injected joint and no reac- 


Experimentally, found 


in a horse-sensitized rabbit, cause 


tion of other joints. However, exercise 
of a remote joint, under the same condi- 
tions will cause arthritis of this remote 
joint in addition. 
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The curves of incidence by month are 
in keeping with the findings of others,*** 
that in any outbreak of hemolytic strepto- 
coccal infections, a subsequent outbreak 
of rheumatic fever may be expected. The 
peaks of rheumatic fever incidence are 
delayed several weeks after the peaks of 
Mathematical correla- 
tion between incidence is rough, varying 
from one-half to twice the number of 
scarlet fever cases which are manifest in 
some, but not all, of these epidemics, and 
from one-tenth to one-twentieth of the 
number of cases of all respiratory illness. 
The ankle cases emphasize the fact that 
many mild and subclinical cases are repre- 
sented in outbreak. The recent 
study of Bantz, Boisvert and Paul® calls 
attention to mild and subclinical aspects 
of the “post-streptococcic state.” 
Summary. |. A mild form of rheumatic 
fever with symptoms of ankle arthritis of 
a few days duration is deseribed in 52 
A few had other mild signs subse- 


respiratory illness. 


each 


cases. 
quently. 

2. These represent 54°, of all cases in 
one rheumatic fever outbreak, and have 
been seen frequently at this Coast Guard 
station in past years. 

3. Local static and traumatic factors 
incident to recruit training may account 
for the high incidence of localization to 
ankles. 

4. The incidence of mild manifestations 
in this epidemic was higher than that of 
frank, easily recognizable rheumatic fever. 
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BLOOD PRESSURE STUDIES IN 100 CASES OF CORONARY OCCLUSION 
WITH MYOCARDIAL INFARCTION 


By Mays. Wittiam N. 


CHAMBERS, M.C., A.U.S. 


NOW ASSISTANT IN MEDICINE, HITCHCOCK CLINIC AND MARY HITCHCOCK MEMORIAL HOSPITAL; TEACHING 
FELLOW IN MEDICINE, DARTMOUTH MEDICAL SCHOO! 


HANOVER, NEW 


Many observers have written on the 
course of the blood pressure following 
acute myocardial infarction, including 
Palmer,'® Gross and Engelberg,’ and Mas- 
ter et al! A later report by Master 
‘tal.’ discusses the course of blood pres- 
sures before, during and after the attack. 

The present report is an attempt to 
evaluate the influence of blood pressure 
on the incidence, clinical course and prog- 
nosis of coronary occlusion. The height 
of the blood pressure before the attack 
is compared with that during and subse- 
quent to the acute episode. A similar 
study is made of the systolic, diastolic 
und pulse pressure in the hypertensive 
series. The influence of the changes and 
blood pressures on the subsequent symp- 
toms, recurrences and life expectancy is 
discussed. 

This study consists of detailed blood 
pressure observations on 100 cases of 
coronary occlusion with myocardial in- 
farction at St. Luke’s Hospital, New York 
City. Of these patients, 85 were stud- 
ied from | to 10 years prior to the initial 
attack (a mean of 4 years), either on the 
wards or as out-patients. 

The criteria used for making the diag- 
nosis of the coronary occlusion with myo- 
cardial infarction were those enumerated 
by Shillito et al.:° fever, tachycardia, 
leukocytosis, increased sedimentation rate, 
blood pressure changes and electrocardio- 
graphic changes. As far as could be deter- 
mined, the observers were dealing in each 
case with the initial attack. With the 
present study in view, each case was care- 
fully observed; detailed clinical and labo- 
ratory evaluations were made. Serial 
electrocardiograms were taken until the 
infarct was thought to be healed. 

Blood pressure readings were taken 
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daily on the majority of cases until stabiliza- 
tion or death. Following stabilization, 
the blood pressure readings were taken 
twice weekly and after discharge, at 
monthly intervals as often as_ possible. 
Follow-ups from 1 to 4 years were made 
on 64 of the 66 survivors consisting of 
a brief history and physical examina- 
tion, blood pressure readings and electro- 
cardiograms. 

The criteria used for the diagnosis of 
hypertension were systolic pressure of 
150 mm. of mercury or above and a 
diastolic pressure of 90 mm. or above. 
It has been conclusively demonstrated 
that the level of the blood pressure above 
140 mm. systolic and 90 diastolic are 
abnormal at any age.‘ 

Previous Hypertension. Of the 85 cases 
observed prior to the acute attack, hyper- 
tension was found in 74; 11 cases had 
normal blood pressures. There were 15 
cases in which the blood pressures were 
unknown before the attack. 

Of the 74 patients who had hypertension 
prior to the attack, 46 were of long stand- 
ing. Its duration was unknown in 23 cases. 
In 5 cases the development of hyperten- 
sion was observed during the year preced- 
ing the attack. The coincidence of hyper- 
tension and coronary occlusion have been 
reported between 30 and 75 
Hypertension has been found to be defi- 
nitely higher in patients with this condi- 
tion than in the general population.? In 
the present series, the incidence of hyper- 
tension was 74%. 

Of the 34 patients who diéd of the acute 
episode, 24 (71%) were known to have 
had hypertension prior to the attack. This 
incidence of hypertension in the fatal 
series is roughly equal to the incidence of 
hypertension in the entire series: 71% 
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for the fatal series; 74% for the entire 

series. This is in agreement with most 

writers who find no relation between 
3,6,12,17 


hypertension and mortality rate. 

There were 72 males and 28 females in 
this series. Hypertension was present in 
18 (66°.) of the males and 28 (85°) of 
the females. Its incidence increased with 
age. 

Past History. Over half of the hyper- 
tensives gave a past history of angina, 
These symp- 
toms were more prevalent in those who 
the initial attack than 
who succumbed. In general, their onset 
was more recent but of greater severity 
There were 7 cases of 
mellitus in the fatal group and 
There 
were 3 cases of diabetes, 3 with symptoms 
of cholecystitis and 2 cases of polycythe- 

in the non-fatal group. The 
of patients with normal blood 
gave no past history of hyper- 
dyspnea or decompen- 


dyspnea, or decompensation. 


survived those 


in the fatal group. 
diabetes 
2 cases suggestive of cholecystitis. 


mia vera, 
majority 
pressure 
tension, angina, 
sation. 

ATTACK (S85 Cases) 


TABLE 1.— AcUTE 


OCCLUSION WITH MYOCARDIAL 


ANALYZED ACCORDING TO INITIAL 
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the patients had hypertension. Of the 
known hypertensives, 39 (53°) had blood 
pressures within hypertensive levels on 
admission (see Table 1) 

In the fatal series, 18 (68°,) showed 
hypertensive levels at the initial readings; 
2 (9°) had tension within normal limits; 
6 (23°) had hypotensive blood pressures. 

This is to be contrasted with the survival 
group in which 27 (46°.) gave hyperten- 
sive readings, 23 (39°7) were within nor- 
mal range and 9 (15°;) showed hypoten- 
sive blood pressures. 

Thus, in the fatal series, over two-thirds 
of the cases showed an initial hypertension 
following the acute attack, while only one- 
fourth showed hypotension. In the sur- 
vival group, less than one-half had hyper- 
tension at the onset and less than one- 
sixth had hypotensive blood pressures. 

Initial Blood Pressure During Attack as 
Compared With Blood Pressure Before 
Attack. Of the entire group, 63 °% showed 
an initial fall of blood pressure on admis- 
sion as compared with readings taken 
before the onset of the attack (Table 2); 


BLoop PRESSURE 


AND SURVIVAL 


Initial blood pressure 


B.P. 150/90 mm. or above 27 46% 
100/60 to 145/85 mm. 23 
100/60 mm. or below 9 


Present Illness. In the hypertensive 
series, 24 (32°) died of the initial attack. 
On sduialen, 83° of these had symp- 
toms of marked severity. Of the 50 hyper- 
tensives who survived, approximately 50% 
had symptoms of marked severity. 

The of the hospital course 
roughly paralleled the symptoms on ad- 
mission. The hypertensive fatal group 
had the stormiest course, while in the non- 
fatal hypertensive group, one-half had a 
stormy course and one-half had a course 
of mild to moderate severity. The major- 


severity 


ity of cases with normal blood pressure 
had symptoms of only moderate severity. 

Initial Blood Pressure During the Attack. 
Prior to the onset of the attack, 


4% of 


Survived 
59 


39% 
15% 


Died Total 
26 85 
18 68% 45 53% 
2 9% 25 29% 
6 23% 15 18% 


There was an 
initial rise in blood pressure over the 
previous readings in 5% of the cases, all 
of which were hypertensives prior to the 
attack. Only 1 of this last group sur- 
vived. This phenomenon has been ob- 
served by others.*'* It may occur with 
the onset when the infarction is asso- 
ciated with severe pain. 

Of the hypertensive fatal group, 20 
(76%) showed an initial fall in blood pres- 
sure, the fall in the majority of the cases 
remaining within hypertensive limits. In 
this group, 3 patients had a rise in blood 
pressure and 3 had no change. 

In the survival group, 58% showed a 
fall in blood pressure as compared with 


32° showed no change. 
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previous readings, whereas 40°, showed There was considerable variation in the ) ( 
no initial change. A rise in blood pressure — response of blood pressures following the i , 
occurred in | case. immediate or delayed fall (Table 4). Of t 
Blood Pressure Subsequent to Attacks. those who succumbed to the attack, the fi 
Although only of the cases showed Jargest percentage (67°;) showed no re- 
an initial fall in blood pressure, all cases turn in blood pressure. The tension in h 
showed a fall at sometime during the ill- at lawer tovela than 
ness (Table 3). Frequently, however, the 1. initial reading until death. Of the 0 
fall remained within hypertensive limits. 
If this did not occur on the Ist day, it fatal group, 17% had an early aieasicaed 
usually occurred on the 2nd or 3rd. There nypertensive levels. In this latter 
were 2 cases in which the blood pressure the pressures had all returned to their ) 
did not fall until the 4th and 7th days former levels within 10 days of their falls, . 
respectively, shortly before death. with the exception of 1 case, in which the , 
TaBLe 2.—AcutTe Attack (85 Cases)—InitiaL BLoop PrRessurRE 4S COMPARED WITH 
Previous BLoop PRESSURE 
Survived Died Total 
Initial blood pressure 59 26 85 
B.P. rose 1 2, 3 12° 4 5% 
B.P. fell 34 58% 20 76% 54 63% 
B.P. unchanged 24 10° 12% 27 32° 
TABLE 3.—-CHANGE IN BLoop Series (74 Cases 
Acute attack Survived Died Total 
Initial fall (within 24 hours) 14 58% 36 72% 50 68% 
Delayed fall (within 7 days) 7 29% 13 26% 20 27% 
Initial rise 3 13% 29 4 
TABLE 4.—HyYPERTENSIVE Series (74 Cases)—Course or Bioop PRessuRE FOLLOWING 
INITIAL 
Course of blood pressure Survived Die Total 
Early return to hypertensive levels (1 week 10 20% } 17% 14 19% 
Late return to hypertensive levels (4 months 15 30% 0 oe 15 20% 
No rise in B.P. 0 OY 16 67% 16 234 
Rise to normal levels 24 iS% 19, 25 
Initial rise in B.P. 1 2% 3 122 4 42 
The fall in pressure following coronary — blood pressure returned to normal but not 
occlusion has always been considered one to the previous hypertensive level. 
of the primary signs. The fact that it did In the 4 cases in which the blood pres- , 
not. always fall immediately has been sure was initially elevated above the pre- , 
pointed out by a number of observers. attack levels, the pressure rapidly fell to 
Shillito et a/.'° found that a fall in systolic hypotensive levels within the first 24 hours. : 
blood pressure usually occurred early, al- In the 1 case that survived, the pressure : 
though sometimes it was delayed for fell to hypotensive levels within the first 
24 hours. This fall was not invariably 24 hours, but then returned to normal 
observed being absent occasionally when rapidly and never reached its former hy- 
the infarct was small and the degree of pertensive level. The 3 other cases had : 
shock slight. Master et al." found that a rapid fall in their tensions following the ‘ 
the fall frequently was not great in initial rise and death ensyed within 48 
the first 24 hours. The pressure fell to hours. 
100 mm. or less in only 9% of their cases All cases in the survival group had a 
on the Ist day. Allen' noted that a week _ rise in blood pressure after the initial fall. 


often elapsed before significant fall became 
evident. 


Of these cases, 25 (50%) showed a return 
to the original hypertensive levels, 10 
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(20°.) returned within 1 week, whereas 
15 (30°) returned within 4 months. By 
the end of the 2nd year, 58°, of those 
followed had regained their original hyper- 
tension, while 42°, remained free of 
hypertension. 

Palmer" found that more than one-half 
of the patients had developed hyperten- 
sion within.1 year after the attack. The 
number with hypertension then increased 
year by year until the incidence of hyper- 
tension reached 72°, which was the same 
as before the attack. In Master’s!' series, 
hypertension returned in two-thirds of the 
cases. One-third of this series permanently 
lost hypertension. 
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taken prior to the attack, a tabulation 
was made of the average changes in sys- 
tolic pressures, diastolic pressures and 
pulse pressures. 

In those who survived, the systolic 
blood pressures fell more than the dias- 
tolic. The systolic pressure fell on an 
average of 36 mm., whereas the diastolic 
pressure fell 24 mm. In contrast to this 
in the fatal group, the fall in both systolic 
and diastolic pressures were greater than 
the systolic. In this series, the average 
systolic drop was 48 mm.; the diastolic 
60 mm. 

In the survival group, the average pulse 
pressure was 60 mm. before the attack. 


5. -Sysrotic Presstre IN HYPERTENSIVE PATIENTS Priok TO ACUTE ATTACK 
Systolic 
blood pressure Survived Died 
150 or over 43 57% 32 43% 
160 or over 25 48% 27 52% 
175 or over 10 42% 14 58% 
185 or over 5 25% 15 75% 
190 or over 4 22% 14 78% 
200 or 3 21% 11 79Q% 
210 or over 2 14% 12 86% 
215 or over 0 O% 100% 
TaBLe 6.—Drasrotic BLoop PressuRE IN HYPERTENSIVE PATIENTS Prior To AcuTE ATTACK 
Diastolic 
blood pressure Survived Died 
90 or over 57% 32 
100 or over 23 44% 29 56% 
110 or over ; 29% 20 71% 
120 or over 2 13% 13 87% 
130 or over ‘ 0 0% 6 100% 


Systolic Blood Pressure Prior to the At- 
flack. A direct relationship existed between 
the height of the systolic blood pressures 
prior to the attack and the number of 
deaths. As the height of the systolic blood 
150 mm., the 
fatalities increased (Table 5). 

Diastolic Blood Pressure Prior to the 
ittack. An increase in diastolic pressure 
above 90 mm. prior to the attack was 
with a similar rise in deaths 


pressure increased above 


associated 
Table 6). 

Average Changes in Systolic Blood Pres- 
ure, Diastolic Blood Pressure and Pulse 
In those cases in which there 
was a fall in the blood pressure during 
the attack as compared with readings 


Pr 
ressure. 


After the attack, it had decreased to 
49 mm., a fall of 11 mm. In the fatal 
series the pulse pressure prior to the 
attack was considerably greater, being 
77 mm. Following the attack, it fell to 
51 mm., a fall of 26 mm. Thus, the aver- 
age fall of pulse pressure was well over 
twice as great in the fatal group as it 
was in the survival group. 

By this comparison, it is seen that the 
fall of both systolic and diastolic blood 
pressures was greater in the fatal group 
than in the survival group. In the fatal 
group, the fall in diastolic pressure was 
greater than the fall in systolic. The 
converse was true in the survival group 
in which the systolic fall was the greatest. 
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The pulse pressures, both prior to and 
after the onset of the attack, were greater 
the fatal group 
group. 

The greater falls in systolic, diastolic 
und pulse pressures in the hypertensive 


and decreased more in 
than in the survival 


fatal group were due to the higher average 
pressures prior to the attack. 

Symptoms 1 Year After the Attack. One 
year after the initial attack, 12 patients 
who had regained their original hyperten- 
were compared \.th 12 patients 
whose hypertension had never returned. 


sion 


The hypertensives whose blood pressure 
had not returned complained of a greater 
variety of symptoms including dyspnea, 
fatigue and Those 
whose hypertension had returned com- 


angina, syncope. 
plained of fewer symptoms but these were 
of greater severity. In this latter group, 
there were 4 individuals with decompen- 
sation, while in the group which did not 
regain hypertension, there was only 1 case 
of decompensation. 

No difference was 
found in the follow-up between the elec- 
trocardiograms taken on individuals with 
hypertension or those with normal blood 


Electrocardiograms. 


pressures with respect to changes due to 
Reversion to nor- 
mal occurred in the same amount of time 
and in the same number of cases for those 
with hypertension as to those with nor- 
mal blood pressures. 


myocardial infarctions. 


All cases having recur- 
rences within 1 year of the initial attack 
had been hypertensive originally. Only 
50% of the patients in this series had 
hypertension at the time of the second 
attack. There was no difference in the 
survival rate between those who had re- 
currences with normal blood pressures and 
those with hypertension at the onset of 
the second attack. Decompensation was 
more frequent in those individuals whose 
hypertension persisted. All of the recur- 
rence group showed residua by electro- 
cardiogram with the exception of 1 case. 

The idea was formerly expressed that 
recurrences occurred with greater fre- 
quency in patients who regained their 


Recurrences. 
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after from the 
first attack, than in those whose blood 
remained Allen,! and 
Palmer“ regarded the prognosis as better 
in those who regained their hypertension. 
Gross and Engelberg,® and Master et al." 
could find no effect of hypertension on the 
duration of life or frequency of heart fail- 
ure following the attack. In Bland and 
White’s* 10 year follow-up, no striking 
effect of hypertension on the status during 
attack 
was noted but the added burden on the 
heart over a period of years was sug- 


hypertension recovery 


pressure normal. 


the first few years following the 


gested by the relatively few patients with 
hypertension who survived the 10 year 
period. 

In this series, no correlation could be 
made between recurrences and early return 
(within 10 days of the attack) or delayed 
return (within 4 months of the attack) 
of blood pressure to hypertensive levels. 
An equal number of cases who did not 
regain hypertension had the recurrence 
as those whose hypertension did return. 
After the initial attack, an individual 
was just as likely to recur- 
rence whether or not the blood pressure 


have a 


returned to its original hypertensive level. 

Summary. 
nary occlusion were studied with refererice 
to the effect of the attack on the blood 
pressure, and the influence of the resultant 
blood pressure on the incidence, clinical 


One hundred cases of coro- 


course and prognosis. 

Conclusions. 1. The incidence of ante- 
cedent hypertension is greater in individ- 
uals having coronary occlusion than it is 
in the general population (74% in this 
series). 

2. There is no relation between ante- 
cedent hypertension and the mortality 
rate in coronary occlusion. The incidence 
of hypertension was 71% in the fatal 
group and 78% in the non-fatal group. 
However, in the hypertensive group, the 
mortality was directly proportional to 
the degree of hypertension. 

3. Hypertension at the onset of the 
attack is a common finding (53% in this 
series) and occurs more frequently in the 
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fatal group (68%). Hypotension in the 
initial reading is a comparatively infre- 
quent finding (18 % in this series). 

4. A fall in blood pressure usually oc- 
curs following coronary occlusion. The 
fall often remains within hypertensive 
limits. It may be immediate or delayed 
as long as 7 days after the attack. 

5. An early return of blood pressure to 
normal or pre-occlusional hypertensive 
levels is a good prognostic sign. The blood 


pressure usually does not return to its 
former levels in the fatal group. ma 

6. The number of survivors who regain 
their original hypertension increases with 
the time elapsed after occlusion; 58 % had 
regained their hypertension by the 2nd 
year. 

7. After recovery from the initial coro- 
nary occlusion, the height of the blood 
pressure has no effect on the frequency of 
recurrence or ultimate prognosis. 
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NUMEROUS agents have been employed 
for the purpose of increasing blood flow 
to the peripheral vessels. The status of 
vasodilator drugs has been summarized by 
Sir Thomas Lewis,”° 7. e., “There are no 
known substances that can be safely used 
to produce an adequate and sufficiently 
persistent dilatation. There is no known 
remedy of this kind so persistently potent 
as warming of the body, and this is simple, 
economical and safe.” Heat may be ap- 
plied externally directly to the extremities, 
or remotely to abolish vasomotor con- 
striction by reflex vasodilatation.” Inter- 
nal heating, 7. e., increase in heat produc- 
tion, likewise has been used to increase 
peripheral blood flow, employing artificial 
fever or administration of foreign pro- 
teins such as typhoid vaccine’? or by 
means of thyroid extract to elevate the 
metabolic rate. Local heating of the 
affected parts, fever therapy, and thyroid 
extract have no place in the treatment of 
arteriosclerotic peripheral vascular dis- 
ease, and may produce undesirable effects. 
While these measures increase peripheral 
blood flow, they increase the metabolism 
of the peripheral tissues as well, so that 
the net effect may be a decrease rather 
than increase in the efficiency of the 
peripheral circulation. 

In the present investigation utilization 
has been made of specific dynamic action 
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to increase heat production in the body. 
It is well known that following a protein 
meal a considerable and sustained increase 
in the metabolic rate occurs. A_ peak 
increase averaging 20° above the basal 
level is attained between the 3rd and 5th 
hour, and an appreciable elevation of 
metabolism is still present after 7 hours.’ 
The specific dynamic action of proteins 
is due almost entirely to a few amino acids, 
notably glycine (aminoacetic acid), ala- 
nine, phenylalanine and tyrosine. The 
increase in heat production occurs chiefly 
in the liver. This is indicated by the 
absence of specific dynamic action after 
hepatectomy, by perfusion experiments, 
and by measurement of oxygen consump- 
tion of individual organs.”? 

A study was carried out, extending pre- 
liminary observations,'® to determine to 
what degree the dissipation of this excess 
heat might be attended by changes in 
blood flow to the extremities. A linear 
correlation has been found to exist be- 
tween the metabolic rate and peripheral 
blood flow over a wide range of metabolic 
levels in subjects with hyperthyroidism* 
and myxedema.” Significant increase in 
blood flow, both to upper and lower ex- 
tremities has been shown to occur follow- 
ing ingestion of a protem meal, accom- 
panying an increase in metabolic rate.* 

Twenty gm. of glycine dissolved in 200 
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GUBNER, DI PALMA, MOORE: 
to 300 ce. of water or milk* were adminis- 
tered in 25 subjects in 26 experiments in 
Observations were made 
of oxygen consumption, skin temperature 
of toes, fingers and forehead, oscillometric 
pulsation in the calf and forearm, and 
quantitative blood flow as determined with 
the plethysmograph. 
Skin temperature was measured with the 
Leeds-Northrup potentiometer in the basal 
state and over a period of 4 hours follow- 
ing administration of glycine. 
tions on the skin temperature were made 
before determination of oxygen consump- 
tion, and under conditions of approxi- 


the basal state. 


venous occlusion 


Observa- 


TABLE 1. 
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and a hand plethysmograph in 2 experi- 
ments. The findings are summarized in 
Tables 1 to 3. 

Oxygen Consumption. The average max- 
imal increase in oxygen consumption above 
the basal level in 18 cases studied was 
18.4%. There was considerable individual 
variation, which may have been due in 
part to differences in the rate of intestinal 
absorption of glycine. Four subjects, in- 
cluding a case of myxedema, failed to 
exhibit a significant rise in oxygen con- 
sumption following ingestion of glycine. 
The maximal increase in oxygen consump- 


tion was 52%. 


AVERAGE CHANGES IN OXYGEN CONSUMPTION AND SKIN TEMPERATURE 


FOLLOWING GLYCINE (20 Gm.) 


Peripheral 


Cases Normal vascular 
studied (18) subjects (11) disease (4) 
(%) 
Oxygen consumption +18 4 
Skin temperature: 
Toe +4 0 +2.3 
Finger +2.8 +2.2 
Forehead +17 +08 


TABLE 2. 


COMPARISON OF SKIN TEMPERATURE CHANGES FOLLOWING GLYCINE, POSTERIOR 


NERVE BLock AND ALCOHOL 


6 cases 


Glycine 


Toe +5.7 % 
Finger 
Forehead 


mately constant environmental tempera- 
ture (22° C.+1.3°), with the extremities 
exposed for a period of 20 minutes before 
readings were made. Comparison was 
made with the effect on skin temperature 
of post-tibial nerve block in 6 cases and 
of 2 ounces of whiskey in 4 cases. The 
observations on nerve block and alcohol 
were carried out on different days than 
the glycine experiment. In 11 experi- 
ments on 10 subjects blood flow was deter- 
mined by means of the venous occlusion 
plethysmograph. A foot plethysmograph 
was employed in 9 of these experiments 


* In the initial experiments glycine in water wus employed. 


4 cases 
Nerve block Glycine Aleohol 
+4 5 +3.8 +1.2 
+2 .3 —0.2 
+2 4 +1.2 


Skin Temperature. An increase in tem- 
perature of the toes oecurréd in all 11 cases 
with no impairment of peripheral circu- 
lation studied, and in 3 of -4 cases witli 
peripheral vascular disease. Only 1 sub- 
ject studied failed to exhibit a rise in tem- 
perature of the toes. In this case theré 
was advanced bilateral peripheral vascu4 
lar disease with acute right popliteal occlu- 
sion. The temperature of the fingers 
similarly increased in 14 of 15 cases. 
Forehead temperature increased in 6 of 
9 cases tested. Excluding the 4 cases with 
peripheral vascular disease, the average 


Due to the sickening sweet taste of 


glycine which caused nausea and vomiting in an appreciable number of cases, particularly on protracted 
use, various compositions employing glycine with agents directed to overcome these distress provoking 
effects were tried. Mixtures of glycine and unsweetened cocoa, and also glycine and urea, with flavor- 
ing agents, prepared and supplied through the courtesy of the Medical Research Division of Sharp & 


Dohme, Inc., were found to be very satisfactory. 


rise in temperature at the toes was 4° C., 
at the fingers 2.8° C. and at the forehead 
1.7° C. Significant increase in the skin 
temperature occurred within 1 hour after 
ingestion of glycine with maximal rise be- 
tween the 2nd and 3rd hour. 

The effect of glycine was compared with 
posterior tibial nerve block in 6 cases. 
In these subjects the average increase in 
toe temperature was 5.7° C. with glycine 
and 4.5° C. following nerve block. Com- 
parison was made with the effect of alco- 
hol in 4 subjects. In all these the in- 
crease in temperature in the toes was sig- 
nificantly greater with glycine than after 
alcohol (2 ounces of whiskey in basal 
state). The average change in tempera- 
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tively was 31.7° C., 33° C. and 33.1° C. 
These temperatures indicate the maximal 
vasodilatation. According to Montgom- 
ery et al.,* “In the normal subject when 
vasodilatation is complete the skin tem- 
perature of the digits will rise to a level 
between 31° and 34° C.” 

Oscillometric Readings. The amplitude 
of oscillometric pulsation in the calf in- 
creased in 8 of 11 subjects with no periph- 
eral vascular disease. The average change 
for this group of 11 subjects was an in- 
crease in pulsation of 25%. No increase 
in oscillometric pulsation was observed in 
3 cases with peripheral vascular disease, 
although significant rises in skin tem- 
perature occurred in 2 of these subjects. 


TABLE 3.—CHANGES IN BLoop FLow (VENovs OccLUSION PLETHYSMOGRAPHY) AND OXYGEN 
CONSUMPTION FOLLOWING INGESTION oF GLYCINE (20 Gm.) 


Blood flow 
(ec./min./100 cc. limb volume) 

Maximal 
ow 

Basal following 

Case flow glycine 
3.32 4.84 
2. 2.70 4.02 
1.98 3.26 

3. E. M. 1.15 2.25 
4. F.S. 0.89 1.39 
5. N.S. 2.18 1.54 
6. M.S. 3.05 3.53 
7. MP. 1.42 2.74 
.G. 3.48 4.96 
9. B.S. 3.02 3.80 
10. H. S. 4.14 3.13 


ture at the toes was +3.8° C. with glycine, 
+1.2° C. with alcohol; at the fingers 
+2.3° C. with glycine, —0.2° C. with 
alcohol; and at the forehead +2.4° C. with 
glycine and +1.2° C. with alcohol. The 
initial temperature of the forehead was 
higher than the extremities. Following 
glycine a definite trend toward equilibra- 
tion of temperature of the toes, fingers 
and forehead occurred. Thus, in 6 cases 
with no peripheral vascular disease, in 
whom the skin temperature changes at 
toes, fingers and forehead were recorded, 
the average initial temperature at the 
toes, fingers and forehead respectively was 
26.4° C., 28.8° C. and 31.4° C. Follow- 
ing glycine the average maximal tempera- 
ture at toes, fingers and forehead respec- 


Oxygen consumption 


% change Basal Maximal % change 
+45 8 
+48 .9 208 270 +27.4 
+64 6 233 300 +28 .8 
+95 .7 200 255 +22 5 
+56 .2 245 260 6.2 
—29 4 190 200 + 6.3 
+15.7 191 210 +10.0 
+93.0 305 300 - 4.9 
+42.5 212 238 +123 
+25 8 208 240 +15.4 
—24 4 285 355 +24 6 


In the forearm an increase in amplitude 
of pulsation following glycine was noted 
in 6 of 11 subjects. The average increase 
in this group of 11 cases was 33%. 
Plethysmographic Studies. Venous oc- 
clusion plethysmography was carried out 
in 5 experiments on 4 normal subjects, 
in 1 case of myxedema, and in 5 subjects 
with peripheral vascular disease (Table 3). 
The latter included 3 cases with arterio- 
sclerotic peripheral vascular disease, 1 case 
with thromboangiitis obliterans, and 1 case 
of scleroderma with the Raynaud syn- 
drome. Blood flow through the hand was 
studied in 1 of the normal subjects (Case 1) 
and in a subject with scleroderma (Case 9); 
in the remaining a boot foot plethysmo- 
graph was employed. The technique em- 
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ployed and method of calculation of blood 
flow were as described by Abramson.” 
Observations were made in the recumbent 
position, obviating the effect of gravity, 
with a constant temperature foot bath 
of 31° C. and an occlusion pressure of 
60 mm. Hg. <A Brodie bellows and ink 
writing high speed kymograph recording 
system were used for recording; 12 to 15 
records were made in each period of 
observation and the results averaged in 
calculating blood flow. 

The control blood flow was determined 
in all subjects in the basal state following 
which 20 gm. of glycine, mixed with un- 
sweetened chocolate or urea to neutralize 
the sweet taste, were administered in a 
glass of milk. Observations were made 
at 3 hour periods to a maximum of 3 hours 
following ingestion of glycine. Although 
the specific dynamic action of glycine per- 
sists for 5 to 7 hours, it was not expedient 
to extend the experimental period beyond 
3 hours because of increasing discomfort 
that attends prolonged confinement in the 
plethysmographic apparatus. 

An increase in blood flow was observed 
in 8 of the 10 cases studied. Blood flow 
was not significantly affected until 1 hour 
following ingestion of the glycine, with 
maximal increase usually attained after 
15 to 3 hours. In 2 subjects (Cases 5 
and 10), a fall rather than rise in blood 
flow occurred. One of these (Case 5) 
was a subject with myxedema produced 
during thiouracil treatment of angina pec- 
toris. In this case the oxygen consump- 
tion failed to rise appreciably, indicating 
a lack of specific dynamic action. This 
may have been due to delayed intestinal 
absorption of glycine, for impairment of 
intestinal absorption is known to occur 
in myxedema. A decrease in blood flow 
occurred in 1 other subject (Case 10), 
who had previously undergone sympath- 
ectomy for Buerger’s disease. In this 
subject peripheral blood flow to the ex- 
tremity tested was already presumably 
at its maximal value. Dilatation of the 
remainder of the peripheral vascular bed 
with redistribution of the peripheral blood 
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flow, attending a rise in oxygen consump- 
tion of 24.6%, may have been responsible 
for a decrease in blood flow to the foot in 
this case. 

A quantitative parallelism between the 
changes in oxygen consumption and _ per- 
ipheral blood flow could not be demon- 
strated in these experiments. In 1 subject 
with arteriosclerotic peripheral vascular 
disease marked increase in 
peripheral blood flow occurred without 
any rise in oxygen consumption. In this 
subject it is probable that the initial 
metabolic rate was not determined in a 
fully basal state since the initial oxygen 
consumption was unusually high. It is 
of interest that the claudication time of 
this subject was almost doubled following 
ingestion of glycine in dosage of 20 gm. 

Additional observation was made in | 
subject with peripheral vascular disease 
(Case 6) of venous filling time on depen- 
dency after elevating the extremities. In 
the basal state the veins began to fill in 
the right foot at 10 seconds with full filling 
at 90 seconds, while in the left foot initial 
filling of the veins was noted at 55 seconds 
with full filling at 150 seconds. Three 
hours after glycine administration initial 
filling of the veins of both feet occurred 
immediately on dependency, with full 
filling at 15 seconds in the left foot and 
30 seconds in the right foot. 

Comment. Observations with the tech- 
niques employed, 7. ¢., skin temperature, 
oscillometric readings plethysmog- 
raphy indicate that effective peripheral 
vasodilatation can be accomplished by 
ingestion of glycine. The skin tempera- 
tures attained, fully equivalent to those 
resulting from nerve block, indicate maxi- 
mal vasodilatation. The vasodilating 
action of alcohol is not only less in dura- 
tion, but is less in degree than that pro- 
duced by glycine. Abramson and co- 
workers‘ found whiskey, in doses of 60 
to 80 cc. to have little or no effect on blood 
flow in the leg. Horton et al.'® observed 
no change in the skin temperature of the 
feet following alcohol. With larger doses 
(4 to 6 ounces) Montgomery” found sig- 
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nificant increase in blood flow to the toes, 
but this dose is not practical as a thera- 
peutic procedure. 

Neither Abramson and co-workers,‘ nor 
Montgomery” in testing a wide variety 
of preparations recommended for periph- 
eral vascular disease, found any to be 
efficacious in increasing blood flow to the 
lower extremities. Intravenous hyper- 
tonic saline, which has been advocated as 
a therapeutic measure, was found by 


CONTROL 2 HOURS 


attributed to an increase in blood volume*® 
and decrease in blood viscosity.* Wil- 
helmj, Bollman and Mann*° observed that 
intravenous hypertonic saline significantly 
increases heat production equivalent to 
30 to'50% of the specific dynamic action 
of glycine. Physiologic saline had no 
effect. The increased peripheral blood 
flow observed in certain cases with intra- 
venous hypertonic saline may be due to 
an increase in heat production in the body, 


CONTROL 2 HOURS 
CONTROL 2 HOURS 
B.S 
Fic. 1.—Plethysmographiec tracings following ingestion of glycine (20 gm.). R.G., normal subject: 
L. G., arteriosclerotic peripheral vascular disease; B. S., scleroderma with Raynaud syndrome. Time 
is indicated on abscissa in seconds. Ordinate indicates limb swelling (arterial inflow). Following 


application of venous occlusion after glycine, the rate of limb swelling (arterial inflow) is increased, as 
indicated by the steeper slope of the curves. The individual pulse amplitude likewise is augmented. 


Abramson ef al.,‘ and Friedlander and co- 
workers to augment blood flow to the 
lower extremities in an appreciable num- 
ber of cases. The duration of increased 
blood flow to the feet was found to out- 
last the period of injection in only 3 of 
14 cases and in these 3 subjects the in- 
creased flow to the feet persisted for an 
average period of 80 minutes.‘ The 
mechanism of action of hypertonic saline 
in increasing peripheral blood flow has 


not been explained. It has been variously 


similar to the mechanism of increased 
blood flow resulting from the specific 
dynamic action of glycine. 

Increase in peripheral blood flow can 
be accomplished not only through periph- 
eral vasodilatation, but by an increase in 
vardiac output. Thé increased blood flow 
observed with glycine is to be attributed 
in part to this factor. There is a linear 
relationship between the cardiac output 
and the metabolic rate."1% Ingestion of 
food causes a significant increase in the 
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cardiac output extending over several 
4.18 Herrick et egploying the 
thermostromuhr method in dogs, found, 
concurrent with a generalized increase in 
circulatory flow during digestion, an in- 
crease in blood flow in the femoral artery 
as high as double the basal value during 
the 3rd hour of digestion. The plethys- 
mographic tracings reproduced in Figure | 
demonstrate not only a steeper slope of 
limb swelling on application of venous 


hours. 


occlusion following ingestion of glycine, 
but also heightened amplitude of the indi- 
vidual pulse waves, indicative of aug- 
mented flow. 

Apart from the action of therapeutic 
agents such as glycine on peripheral blood 
How, it is appropriate to consider possible 
effects on local tissue metabolism. The 
relation of glycine to muscle creatine 
metabolism has been the subject of exten- 
sive study, and several authors have re- 
ported favorable results with the em- 
ployment of glycine in muscular dystro- 
in simple muscular fatigue!’ and 
in increasing the work capacity of normal 
individuals as determined by ergometric 
performance.® However, reports that 
feeding glycine increases the creatine con- 
tent of muscle tissue have not been regu- 
larly confirmed,® nor has its application 
in improving muscular performance met 
with general acceptance. It appears pos- 
sible that some of the therapeutic benefit 
claimed for glycine in muscular disorders 
may be due to increase in peripheral blood 
flow rather than a specific effect on crea- 
tine metabolism. 

Summary and Conclusions. ‘The effect 
of ingestion of 20 gm. of glycine on 
peripheral blood flow was investigated in 
25 subjects, including 9 cases with periph- 
eral vascular disease, employing the tech- 
niques of skin temperature, oscillometry 
and venous occlusion plethysmography. 
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A rise in surface temperature was ob- 
served in the 3 regions tested, 7. ¢., toes, 
fingers and forehead. A significant in- 
crease in the temperature of the toes oc- 
curred in 11 normal subjects tested, and 
in 3 of 4 cases with peripheral vascular 
disease. The temperatures attained, fully 
equivalent to the effect of posterior tibial 
nerve block in 6 cases in which comparison 
was made, indicate maximal vasodilata- 
tion. The rise in temperature exceeded 
the effect of alcohol both in extent and 
duration in 4 cases in which comparison 
was made between the ingestion of glycine 
and 2 ounces of whiskey. 

Oscillometric pulsation in the calf in- 
creased in 8 of 11 normal subjects, but 
no appreciable increase was observed in 
3 cases with peripheral vascular disease. 

Blood flow to the extremities, as deter- 
mined by venous occlusion plethysmog- 
raphy, was increased in 8 of 10 subjects 
examined, including 4 of 5 cases with 
peripheral vascular disease. The average 
increase in blood flow was 62% in the 
normal subjects, 30.5°% in the cases with 
peripheral vascular disease. 

The increase in blood flow is an accom- 
paniment of increased heat production 
with attendant peripheral vasodilatation 
and increased cardiac output resulting 
from the specific dynamic action of gly- 
cine. The average maximal increase in 
oxygen consumption above the basal level 
in 18 cases studied was 18.4%, the great- 
est individual rise 52%. The effect of 
glycine on oxygen consumption and on 
peripheral blood flow is manifest in 1 hour 
and is maximal after 2 to 3 hours. The 
specific dynamic action of glycine persists 
for a period of 5 to 7 hours. 

It is concluded that the ingestion of 
glycine provides a simple physiologic 
means to accomplish an effective and sus- 
tained increase in peripheral blood flow. 


The author is indedted to Doctor B. 8S. Oppenheimer for the loan of the plethysmographs employed 


n this study. 
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(From the Thomas M. England General Hospital) 


Hepatitis resulting from the parenteral 
introduction of an_ icterogenic agent, 
presumably a virus, in blood, plasma or 
serum, has been a major problem in World 
War Il. With the expanding use of 
pooled blood and plasma this problem 
has not been solved by the cessation of 
hostilities. This homologous serum hepat- 
itis is difficult, if not impossible, to differ- 
entiate clinically, from infectious (epi- 
hepatitis. It has, however, a 
longer incubation period, approximately 
2 to 5 months, in contrast to approxi- 
mately 2 to 5 weeks in the case of infec- 
tious hepatitis. It is not highly infectious 
in the usual sense of the term, in that no 
conclusive evidence thus far has been ob- 
tained of the infectivity of nasopharyngeal 
secretions, urine or stools from such pa- 
tients, and secondary or contact cases 
have been rare. It is acquired, apparently, 
by the parenteral introduction of the etio- 
logic agent, whereas in infectious (epi- 
demic) hepatitis this appears to be a far 
less common mode of transmission. In 
contrast to serum hepatitis, infectious 
(epidemic) hepatitis is readily transmitted 
by fecal contamination and secondary or 
contact cases are not rare. Also, a lack 
of cross-immunity between 1 strain of 
serum hepatitis virus and 1 strain of 
infectious (epidemic) hepatitis virus has 
been demonstrated .5 


demic) 


The administration of gamma globulin 
has apparently established yet another 
difference. It is with this feature that the 
present study deals. 

In January 1945, Stokes and Neefe® 
reported favorable results from human 
immune serum globulin (gamma globulin) 
prophylactic therapy during an epidemic 
of infectious hepatitis in a summer camp 
for boys and girls. Of 331 persons, 53, 
who at the time showed no signs of the 
disease, were given gamma globulin intra- 
muscularly. An arbitrary dosage of 
0.15 ec. per pound of body weight was 
employed. The results, which were statis- 
tically significant, indicated that gamma 
globulin is capable of preventing or at- 
tenuating infectious (epidemic) hepatitis 
when administered to exposed persons 
during the incubation period of the disease. 

In a study carried out among troops in 
the Mediterranean Theater of Operations 
in the fall of 1944, and involving 2 epi- 
demics, Gellis, Stokes and others!” found 
gamma globulin in doses as small as 
0.06 cc. per pound of body weight to be 
effective in the prevention of infectious 
(epidemic) hepatitis. The signs and 
symptoms of the disease in all 3 epidemics 
were similar. 

Irrespective of possible etiologic differ- 
ences, gamma globulin was apparently of 


* This investigation was carried out in collaboration with the Commission on Measles and Mumps, 
Army Epidemiological Board, Preventive Medicine Service, Office of The Surgeon General, Washing- 


ton, D. C. 


+t Director, Commission on Measles and Mumps, Army Epidemiological Board. 
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equa! effectiveness in all 3 outbreaks of 
infectious hepatitis. 

In an outbreak of infectious hepatitis 
in a home for children in New Haven, 
Havens and Paul‘ gave prophylactic doses 
of 0.08 cc. of gamma globulin per pound 
of body weight by intramuscular injec- 
tion. It was concluded that gamma globu- 
lin, when given during the incubation 
period, preferably earlier than 6 days 
before the onset of symptoms, was an 
effective prophylactic measure against in- 
fectious hepatitis. 

An increasing incidence of hepatitis, 
presumably of the homologous 
type, battle-incurred casualties 
prompted an evaluation of gamma globu- 
lin as a prophylactic and attenuating 
agent against this disease. This study 
was begun at England General Hospital, 
on April 3, 1945. The subjects were 
battle casualty patients who had received 
blood or plasma or both at the time of 
injury. It was among these patients that 
practically all the cases of hepatitis were 
appearing. 


serum 
among 


Method of Study. A team consisting of 
1 medical officer, 2 nurses, and a ward tech- 
nician, was organized to conduct the actual 
administration of the gamma globulin. The 
entire patient population of the hospital was 
surveyed and all those who were admitted 
prior to April 3, 1945, and were under treat- 
ment as battle casualties and had received 
transfusion of blood or plasma or both at 
the time of injury were selected. In order 
to detect early cases of the disease a speci- 
men of urine was obtained from each patient 
of this group, and subjected to both the 
methylene blue test and the Harrison spot 
test for bile pigment. Patients in whom 
these tests were negative were selected for 
the study. Patients who gave a history of 
having had jaundice, also those who devel- 
oped hepatitis within 10 days after receiving 
the gamma globulin, and those in whom 
more than 5 months had elapsed between the 
time the transfusion was given and the onset 
of hepatitis, were excluded from the series. 
Alternate patients were given a single dose 
of 10 ce. of gamma globulin, intramuscularly, 
while the alternating patients, not so treated, 
were used as controls. 


ot DUNCAN, CHRISTIAN, STOKES, 


REXER, NICHOLSON, EDGAR: 

During the period between April 3 and 
May 28, 1945, immune serum gamma globu- 
lin (human) (Army Medical Supply Cata- 
logue Stock No. 1605500) manufactured by 
Firm A which obtained the plasma from 
inhabitants of the Far West and Northwest 
United States, was used. Following May 28, 
the study was continued using a product 
manufactured by Firm B, which obtained 
plasma from inhabitants of the eastern sec- 
tion of the United States. 


Results. 


incidence of hepatitis in the treated group 


There was a relatively low 


in contrast with the controls in the early 
stages of the study. The reason for this 
is not entirely clear, but it appears most 
probable, in the final analysis, that a lag 
in the appearance of the disease was pro 
the globulin therapy. That 
this retardation of the onset of the acute 
phase of the disease was the only effect 


duced by 


of the single doses of globulin is suggested 
by the similarity of the clinical features 
of the disease in the globulin-treated and 
in the control groups. 

An evaluation of the results up to and 
including Oct. 23, 1945, shows that of the 
2406 patients who received gamma globu- 
lin, 29 (1.2%) developed hepatitis. Of 
the control group of 2374 cases, 23 (0.9%) 
developed hepatitis. 

With regard to the number of days 
between the last 
plasma and the onset of hepatitis in our 
cases, a comparison of the data in Tables 1 
and 2 shows that in the group injected 
with gamma globulin (Table 1) the short- 
est period was 47 and the longest 147 days, 
the average being 103 days, whereas in 
the control series (Table 2) the shortest 
period was 43 and the longest was 133 days, 
the average being 87 days. In Case 16 
2 transfusions were given, one 114 days 
prior to onset of hepatitis and a second 
66 days prior to onset of the disease. 

With regard to the number of days 
between the injection of gamma globulin 
and the onset of hepatitis we find that in 
the treated group the period varied from 
15 to 113 days with a mean of 52 (Table 1) 
as compared with 11 and 95 days and a 


transfusion of blood or 
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No. days between 
onset of hepat- 
itis and last 
blood or plasma 


Case transfusion 
58 
2 74 
17 
74 
10S 
6 126 
7 103 
Ss 23 
9 114 
10 123 
11 106 
12 120 
13 105 
14 131 
15 111 
16 140 
17 147 
18 87 
19 89 
20 
21 123 
22 SO 
23 75 
24 &9 
25 142 
26 95 
24 90 
145 
105 
Av. 103 


given the product of Firm B. 


No. days between 
last blood or plasma 
transfusion and 


( ‘ onset of hepatitis 
4 6S 
) 108 
6 61 
7 112 
94 
9 
10 92 


OF 


No. days between 


injection of 


gamma globulin 


and onset of 
hepatitis 


16 


Av. 52 


No. days between 


date designated 
as control and 


onset of hepatitis 


11 


No. days of 


jaundice 


Still jaundiced 
22 
28 
21 
3 
18 

Still jaundiced 
34 


Still jaundiced 
Still jaundiced 


Av. 29 


| These cases filled all the criteria of hepatitis without jaundice. 


TABLE 2.—Cases or Hepatitis APPEARING IN THE ( 


No. days of 


jaundice 
16 


IMMUNE SERUM GLOBULIN 


DaTA ON GLOBULIN-TREATED PaTIENTS WHO Deve.opep Hepatiris* 


No. days for Highest 
drop of jaundice icterus 
from peak index 
3 28 
Jaundice started on furlough 

3 6 
7 27 
44 115 
6 26 
30 46 
28 33 

49 52 5 
13 31 
28 36 
19 24 
13 37 
23 41 
17 58 
22 87 
87 
10 41 
20 65 
7 26 
3 
13 48 
64 
20 48 
14 43 
14 31 
29 26 
55 
48 
Av. 17 Av. 42 


‘ONTROL SERIES 


No. days for Highest 
drop of jaundice icterus 
from peak index 
5 25 
8 16 
12 40 
7 51 
10 25 
35 74 
Jaundice started on furlough 
No data 100 
33 31 
6 11 


* The first 17 patients received gamma globulin prepared by Firm A, whereas the remaining 12 were 


| 
3 
21 21 
2S 3 
36 19 
16 72 
27 19 
25 0) 
19 70 
42 55 
61 21 
67 4 
33 2s 
80 16 
101 23 
96 23 
66 33 
112 
25 
35 
64 
58 
60 
53 
8S 30 
63 18 
32 31 
15 
= 
25 26 
20 18 
39 13 
35 11 
12 13 
44 5 
27 35 
19 50 
34 9 
11 72 43 13 5 15 
12 76 44 15 13 30 
13 87 50 11 11 
14 133 55 47 42 150 
15 117 95 12 25 
16 ; 114 94 12 5s 25 
17 , ; 43 15 23 14 20 
18 Ne 66 16 38 28 67 
19 ; 63 12 37 39 13 
20 . 71 30 om 79 
21 &3 32 27 17 45 
2? : 82 13 26 13 27 
23 : — 56 20 4 Died 51 
Avy. 84 Av. 34 Av. 23 Av. 17 Av. 42 


mean of 34 days elapsing between the 
date patients were designated as controls 
and the appearance of hepatitis in the un- 
treated group (Table 2). 

One patient of the control group died 
on the 4th day of illness. In view of the 
death occurring in the control series, no 
value can be attached to the figures con- 
cerning length and degree of jaundice. 

The therapy was identical for treated 
and control patients. The management 
of hepatitis will be the subject of a subse- 
quent publication. 

In addition to the data presented here 
it has been the impression at 3 large 
general hospitals in this Service Com- 
mand (New York, New Jersey and Dela- 
ware) that the practice of giving a single 
injection of 10 cc. of gamma globulin to 
battle casualty patients, begun on June 12, 
1945, has not been effective in reducing 
the incidence of serum hepatitis resulting 
from the parenteral injection of whole 
blood, serum or plasma. 

In contrast to the previous findings of 
Grossman, Stewart and Stokes* concern- 
ing the use of gamma globulin at the 
McCloskey General Hospital in the pre- 
vention of homologous serum hepatitis, 
the incidence of hepatitis in the 2 groups 
reported here was not significantly differ- 
ent. The only discernible difference be- 
tween the method of study and the cases 
selected in the 2 hospitals was the injection 
of 2 doses of gamma globulin (10 cc.) at 
an interval of 1 month at the McCloskey 
General Hospital as opposed to a single 
dose of gamma globulin (10 cc.) at the 
England General Hospital. The lower 
incidence of hepatitis in the injected group, 
as compared to the control group during 
the earlier part of the study at the England 
General Hospital at first suggested that 
the final results would be similar to those 
at the McCloskey General Hospital. That 
such was not the case, when the final 
results were tabulated, indicated that a 
considerable lag had occurred in the onset 
of hepatitis in the injected group. This 
lag is demonstrated by the fact that the 
average number of days from the injec- 
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tion of globulin to the onset of hepatitis 
was 52 days; whereas in the control group 
the onset of hepatitis averaged only 34 
days from the time they were designated 
as controls. The significance of this 
difference is also confirmed by the fact 
that the average intervals between the 
time the 2 groups received blood or 
plasma as battle casualties and the time 
they were injected with globulin’ or 
designated as controls were almost 
identical 

From statistical calculation there is 
approximately 1 chance in 400 that the 
lag, apparently resulting from the globu- 
lin injection, is not significant. In view 
of the significance of delay in the onset 
of hepatitis, apparently due to the injected 
globulin, the possibility is also apparent 
that an additional injection of globulin 
as carried out at the McCloskey General 
Hospital might have actually prevented 
the occurrence of hepatitis in a certain 
number of the injected group at the 
England General Hospital even though the 
single dose failed to alleviate the course 
of the disease 

Another difference between the studies 
at the two General Hospitals is the strik- 
ingly higher total incidence of hepatitis at 
the McCloskey General Hospital. Because 
such hospitals differ considerably in the 
types of cases distributed to them, the 
incidence of hepatitis might’ vary con- 
siderably. Nevertheless, the high incidence 
of hepatitis at the McCloskey General 
Hospital, well above that recorded else- 
where, raises the possibility that both 
serum hepatitis and infectious (epidemic) 
hepatitis may have occurred simultan- 
eously at the time of the study. If this 
were true, the low incidence in the injected 
group at that hospital presumably would 
have resulted from the demonstrated ef- 
fectiveness of the gamma globulin from 
the American Red Cross pools in prevent- 
ing infectious (epidemic) hepatitis. How- 
ever, an acceptance of this explanation for 
the difference in results of the two studies 
would require a further explanation of the 
absence of hepatitis from the control group 
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of casualties at the McCloskey General 
Hospital, which did not receive blood or 
plasma, since at this Hospital the oecur- 
rence of hepatitis appeared to be associated 
almost exclusively with such transfusions. 

Considerable evidence is accumulating 
which indicates antigenic differences be- 
tween agents responsible for the two types 
of hepatitis. The possible differences in 
antibody content of the globulin used at 
the two hospitals must also be considered. 

Neutralization tests conducted by Gellis, 
Neefe, and Stokes, which are as yet incom- 
plete (to be reported), have yielded no 
satisfactory evidence to date of antibodies 
in the gamma globulin used against one 
agent of serum hepatitis. 

The present report, together with cer- 
tain additional data obtained in the same 
Service Command, suggested that a single 
injection of the gamma globulin used, 
although apparently delaying the onset, 
did not protect completely against homolo- 
gous serum hepatitis, in contrast to the 
previously demonstrated value of a single 
injection (10 ce.) of similar globulin in 
protecting against infectious (epidemic) 
hepatitis. From these studies, and those 
conducted at the McCloskey General Hos- 
pital, there is evident need for further 
investigation of the value of repeated doses 
of gamma globulin from pooled plasma in 
serum hepatitis. 
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Summary and Conclusions. 1. A single 
dose of 10 cc. of immune serum gamma 
globulin, given intramuscularly to each of 
2406 battle casualty patients who had 
received transfusions of blood or plasma, 
or both, within the previous 6 months, 
failed to reduce the incidence of hepatitis, 
presumably of the homologous serum type. 
Twenty-nine (1.2%) of these patients de- 
veloped hepatitis in contrast to 23 (0.9% 
in 2374 similar patients used as controls. 

2. No difference was noted in the rela- 
tive lack of effect of immune serums col- 
lected in the Eastern United States, and 
that collected in the Far West and North 
West United States in preventing homolo- 
gous serum hepatitis. 

3. The administration of the single dose 
of 10 ce. of globulin apparently retarded 
the onset of the acute phase of hepatitis 
by an average period of 18 days, a delay 
which is statistically significant. 

4. The ineffectiveness of immune serum 
gamma globulin in a single intramuscular 
dose of 10 cc. for preventing homologous 
serum hepatitis presents another apparent 
difference between this disease and infec- 
tious (epidemic) hepatitis. 


Dr. GARFIELD G. DUNCAN. 


Clinton St. Bldg. of the Penna. Hospital 
330 S. 9th Street, Phila. 
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THE role of histamine liberation as at 
least a part of the mechanism of ana- 
phylactic shock, first suggested by Dale 
and Laidlaw® in 1911, has had ample con- 
firmation in subsequent years.’ The sug- 
gestion by Lewis that some allergic mani- 
festations may be due to a similar hista- 
mine release has led to partial supportive 
evidence for this concept. The attempt 
to alleviate the symptoms due to hista- 
mine intoxication in anaphylaxis and 
allergy by the administration of the anti- 
histamine enzyme, histaminase, has re- 
sulted in failure. This has been due 
mainly to the fact that the prolonged 
incubation and close contact of histamin- 
use and histamine required for the destruc- 
tion of the letter cannot be duplicated 
in vivo. 

In recent years considerable effort has 
been exerted in the attempt to develop 
synthetic chemical substances which would 
antagonize or annul the action of hista- 
mine, with the hope that they would dis- 
play also an antianaphylactic and anti- 
allergic action.*. Among others, substances 
used and found either insufficiently active 
or too toxic were the amino acids: argi- 
nine, histidine and cysteine.” French ex- 
perimenters demonstrated that certain 
synthetic compounds had such antihista- 
minie action. However, their first com- 
pounds, thymoxyethyldiethylamine and 
N - phenyl - N - ethyl - N’ - diethylethy- 
lenediamine,!’ were too toxic for both ani- 
mal and man. Later, analogues of these 
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compounds (N’pheny! - N’benzyl - N - di- 
methylethyvlenediamine and N-p-methoxy- 
benzyl-N-dimethylaminoethyl a  amino- 
pyridine), apparently possessing a_ high 
degree of antihistaminic, anti-anaphylactic 
and anti-allergic efficiency ,!! were prepared. 

The present paper deals with the ac- 
tivity of a compound recently developed 
in this country, based on a chemical 
modification of the previously mentioned 
French histamine antagonists. This sub- 
stance is Pyridil - N’benzyl - N - dimethy|- 
ethylenediamine hydrochloride (Pyriben- 
zamine ).* 


H 
H H CH 
C—N HC! 
H H CH 


N 


According to Mayer and his associates 
this drug has a high efficiency in the inhibi- 
tion of histamine and anaphylactic reac- 
tions. These claims have been confirmed 
by us in experiments with guinea pigs. 
The results of these experiments as well as 
other experimental data in man will be 
reported elsewhere. Here we wish to pre- 
sent primarily the therapeutic action of 
this drug in allergic conditions. 


Procedure. Most of the patients selected 
for this study were chronic cases, who had 
been under our observation for some time 
prior to this therapeutic trial. Their behav- 


* Supplied by the Ciba Pharmaceutical Products, Inc. 
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ior to the usual palliative measures as well 
as their reliability in interpreting symptoms 
known to us. Single observations 
not trusted. Only those patients in 
whom periodic administration of the drug 
alleviated the symptoms while discontinu- 
ance of the therapy resulted in a recurrence 
were considered as benefited. This scheme 
was followed even in the acute cases. The 
patient was asked to report frequently for 
observation, and his history as well as the 
physical findings were checked on each visit. 
The medication was given orally in 50 mg. 
tablets, preferably not on an empty stomach. 
Children tolerated 50 mg. doses well, while 
in infants 10 to 20 mg. doses were used. 
In most instances 4 doses of 50 mg. were 
administered daily; in some it was found 
necessary to give the medication every 3 or 
{ hours. In others, 100 mg. doses 4 times 
daily were required. We were dissuaded 
from trying larger amounts by the impres- 
sion that they were not tolerated well. In 
several instances, such as in nocturnal nasal 
blocking or in the prevention of the scratch- 
ing in atopic dermatitis during sleep, only a 
bedtime dose of the drug was employed. 


were 


were 


THerapreutic Resuuts. The results of 
the therapeutic trials are listed in Table 1. 
In all instances where benefit was ob- 
tained it was limited to symptomatic relief 
for several hours following each dose. In 
21 out of 27 cases of chronic urticaria 
and angioneurotic edema the drug was 
effective, relieving the itching and reduc- 
ing or abolishing the lesions as long as the 
medication was continued. Of 10 patients 
with acute urticaria, 8 obtained sympto- 
matic relief, but the medication did not 
affect the expected duration of the attack. 
In 14 patients with dermographism, pyri- 
benzamine controlled the welting and 
itching, while in 2 cases it failed to have 
this effect. 

Pyribenzamine was given to 20 patients 
having atopic dermatitis and complaining 
of marked itching. Included in this group 
were infants, children and young adults. 
The itching was decidedly relieved in 16 
of these patients, and not infrequently the 
subsidence of the scratching was reflected 
in improvement of the lesions. In some 
of this group only nightly doses were re- 
quired. Two out of 3 cases of unclassified 
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dermatitis experienced relief from itching, 
while 2 patients with a barbiturate rash 
with great discomfort from itching were 
entirely relieved. Three patients with 
pruritus vulve of several years duration 
were maintained symptom-free over a 
period of 3 months. 

Six instances of severe allergic reactions 
to penicillin, administered orally or par- 
enterally, are included in this series. The 
manifestations resembled serum sickness 
and consisted primarily of urticaria and 
angioneurotic edema, pain and swellings 
of joints and fever. The skin manifesta- 
tions were benefited by the use of pyri- 
benzamine, although the joint symptoms 
were more resistant to therapy. In each 
case the symptoms returned when the 
drug was discontinued, and the course 
and duration of the disease were of the 
usual character. 

Ninety-five patients with typical histor- 
ies and findings of allergic rhinitis were 
treated with this medication. In 57 there 
resulted undoubted improvement; in 38 
there was no benefit that could be attrib- 
uted to the drug. Out of 254 patients 
with seasonal hayfever, 210 were sympto- 
matically improved. Out of a total of 70 
patients with chronic asthma, 24 showed 
improvement; the degree of relief, how- 
ever, was not as marked as is usually 
obtained with ephedrine or epinephrine. 

Three patients with frequently recur- 
ring headaches of unidentified (but pos- 
sibly allergic) etiology were treated with 
pyribenzamine. One had repeated relief 
whenever the drug was administered. A 
patient with gastro-intestinal symptoms, 
probably of allergic origin, failed to ob- 
tain benefit from this drug, while another 
patient with distinct gastro-intestinal al- 
lergy was benefited. Our therapeutic 
results in most of the allergic manifesta- 
tions are comparable to those obtained by 
Arbesman and his associates.! 

Side Reactions. The undesirable symp- 
toms from the use of 50 to 100 mg. doses 
of pyribenzamine were rarely of sufficient 
severity to interfere with its use. Perhaps 


the most frequent symptoms could be 
attributed to sedation or to cerebral stimu- 
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lation, and consisted of slight drowsiness, 
vertigo, trembling, nervousness or faint- 
ness. Such reactions occurred in about 
25 % of a total of over 300 persons to whom 
this drug was administered. Insomnia 
was noted in several, dryness of the mouth 
or nose in a few, and headache in 4. Sev- 
eral mentioned gastric discomfort, usually 
of a mild character. Two patients com- 
plained of burning on urination, 2 of 
diarrhea and 2 of tightness in the chest. 
Thus far no serious toxic effects have 
been observed in any case in which the 


TABLE 1,—THERAPEUTIC 


Urticaria, chronic 
Urticaria, acute 

Atopic dermatitis 
Dermographism 
Dermatitis, unclassified 
Penicillin reactions 
Sulfonamide reactions 
Barbiturate dermatitis 
Pruritus vulve 
Chronic allergic rhinitis 
Seasonal hayfever 
Asthma 

Chronic headache 
Gastro-intestinal allergy 


drug has been used for a period of weeks. 
Nevertheless, blood studies and 
clinical observations will need to be con- 
tinued for a long period before the ques- 
tion of chronic toxicity can be fully 
evaluated. 

Summary. 1. A_ new antihistaminic 
substance, pyridil - n’benzyl - n - dimethyl- 
ethylene-diamine hydrochloride (pyriben- 
zamine), is capable of producing sympto- 
matic relief in a high percentage of cases 


other 
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of urticaria and angioneurotic edema and 
in itching of atopic dermatitis and other 
dermatoses. 

2. About 59°% of patients with chronic 
allergic rhinitis and 82% of 
hay fever have obtained symptomatic 


seasonal! 


relief of their rhinitis, sneezing or nasal 
blocking. 
tients with asthma obtained moderate 
relief. 
serum-sickness type of allergic reaction. 


Twenty-four out of 70 pa- 
The drug is also of value in the 


3. The toxic effects of this drug are 
rather mild, but fairly frequent, consisting 


FECTS OF PYRIBENZAMINI 

Cases Treated Improved Uninproved 

27 21 6 

10 8 2 

20 16 4 

16 14 2 

2 ] 

6 6 ) 

2 2 0 

2 2 0 

3 0 

85 50 35 

254 210 14 

70 24 16 

3 l 2 

2 ] ] 


primarily of drowsiness, dizziness, ner- 
vousnhess, insomnia, gastric irritation and 
dryness of the nose and mouth. 

4. Pyribenzamine and similar drugs at 
They do not 

There still 
remains the necessity for the specific man- 
agement of the allergic patient by avoid- 
ance of exposure to the antigen or by 
increasing the tolerance to the latter by 
specific means. 


best can only be palliative. 
cure the allergic condition. 
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THE PATHOLOGY OF EXPERIMENTAL FROSTBITE*+ 
By Mas. Natuan B. Frrepman, M.C., A.U\S. 
Kurt Lance, M.D. 


AND 


Davin Werner, M.D. 


WASHINGTON, DISTRICT OF COLUMBIA 


(From the Army Institute of Pathology, Washington, D. C., and the Department of Medicine 
of the New York Medical College, Metropolitan Hospital Research Unit) 


Tus study is an attempt to correlate 
the morphologic aspects of the reactions 
of tissues to cold with modern physiologic 
concepts of the effects of low temperatures. 
Several interpretations of the pathogenesis 
of frostbite and trench foot have been ad- 
vanced, but recent anatomic investiga- 
tions'? have shown that the fundamental 
lesions are vascular. Since it has been 
demonstrated*® that heparin prevents the 
development of gangrene after exposure 
to cold, an observation which supports 
the view that thrombosis is important in 
the pathogenesis of the lesions, it seemed 
worthwhile to compare histologically the 
animals which had _ received 
heparin and were subjected to freezing 
with those of animals similarly exposed 
without receiving the drug. 


Methods. The 40 rabbits employed 
weighed between 2200 and 3200 gm. Each 
animal was anesthetized with sodium pento- 
thal, and 1 hind leg, which had been clipped, 
depilated with barium sulfide cream and 
covered by a rubber condom, was immersed 
up to the knee in 95% ethyl alcohol for 
30 minutes. The alcohol had been chilled 
by solid carbon dioxide and was kept at a 
temperature of —30° C. by immersion of 
the container in the same material. After 
exposure the leg was cleaned in an aqueous 
solution of merthiolate and kept covered 
by dry sterile dressings during the 2 days 
following; sulfathiazole cream or dressings 
soaked in penicillin were applied subse- 
quently. 


tissues of 


Half of the animals received heparin; 
50 mg. of the drug was given intravenously 
immediately after exposure, and the dose 
was repeated every 12 hours for 6 days. 
The clotting time of the blood was esti- 
mated by the Lee-White method every day 
immediately before the injection of heparin. 
In most instances it was prolonged to at 
least 30 minutes. Rabbits which received 
heparin but were not exposed to cold served 
as controls. 

Representative animals were killed by the 
intravenous administration of 4 cc. of sodium 
pentothal 2, 3, 6,7 and 9 days after freezing, 
and the exposed legs were fixed in a solution 
of formaldehyde. Blocks were embedded in 
paraffin, and sections, cut at 7 microns, were 
stained with hematoxylin and eosin; and 
Weigert’s fibrin stain, the Brown and Brenn 
stain for bacteria and the Giemsa stain were 
a'sxemployed. Frozen sections were stained 
for fat with Oil Red O. The posterior tibial 
nerve and its plantar branches were dis- 
sected out as far as the bases of the toes. 
Frozen sections of nerve were stained for 
fat and for myelin (Spielmeyer method). 
The Bodian method was used to demonstrate 
axis cylinders in paraffin sections of nerve. 


Physiologic Observations. The legs re- 
mained cold and white for 30 to 60 minutes 
after removal from the alcohol and then 
became red, hot and edematous; redness 
persisted for about 2 days and swelling for 
4 or 5 days. Vesicles appeared on the toe 
pads, and the fluid in the blisters later 
coagulated. Some animals had subcuta- 
neous hemorrhages, particularly those 


* Part of this work was carried out under contract between the New York Medical College and 
the Office of Scientific Research and Development and [ater the Offioe of the Surgeen-General of the 


(Army. 


+ Read before the American Society for Experimental Pathology at the meeting of the Federation 


of American Societies for Experimental Biology, Atlantic City, N. J., March 13, 1946. 


Proc., 5, 220, 1946). 
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which had not received heparin; a few 
small ulcers appeared at sites traumatized 
by clipping. 

The exposed legs of all untreated rab- 
bits began to show necrosis 4 days after 
exposure, and gangrene was complete 
within 10 days (Figs. 1 and 2). No rabbit 
which had received heparin and consis- 
tently shown a clotting time of 30 minutes 
or longer gave evidence of gangrene (67 % 
of the treated animals) (Figs. 2 and 3), 
although the legs remained edematous and 
pink for about a week after exposure. 
The clotting time for 33% of the treated 
animals was occasionally less than 30 min- 
utes; gangrene developed in the legs of 
about half of this group (14% of the 
treated animals). 

All of the animals gave evidence of 
motor paralysis and sensory disturbance 
The dam- 
aged legs dragged, and the reaction to pin- 
prick was abnormally slow or absent. 
The rabbits which had received heparin 
showed abnormalities for 3. or 
+ weeks; those which had not been treated 
exhibited them until gangrene compli- 
cated the picture. 

The results of special studies of the 
capillaries will be reported in detail else- 
where,’ but the observations can be sum- 
marized as follows: 


immediately after exposure. 


these 


As the tissues were 
cooled, the vessels dilated and the flow 
The blood flow 
became sluggish when the freezing point 
was neared, and clumping of the red cells 


of blood became rapid. 


occurred although there was no loss of 
plasma from the vessels and capillary per- 
meability to fluorescein was not increased. 
When the temperature of the tissues was 
lowest, vascular contraction caused cessa- 
tion of blood flow. After thawing of the 
tissues, relaxation of the vessels and re- 
establishment of blood flow, capillary per- 
meability to fluorescein was increased. 
Morphologic Observations. UNTREATED 
RABBITS. 
crosis 


Two days after exposure, ne- 


was evident in the legs of the 


animals which did not receive heparin, 
and the zones of gangrene were sharply 


The 


demarcated after 6 days (Fig. 4). 
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necrotic areas were bordered by regions 
of diffuse cellulitis and 
delimited by an inflammatory wall. Gram 


were sometimes 


positive cocci were present in both deep 
Granular precipi- 
tated protein material, occasional strands 


and superficial tissues. 


of fibrin and moderate numbers of red cells 
and leukocytes were scattered throughout 
the diffusely edematous tissues, even at a 
considerable distance from necrotic areas. 

The skin showed vesiculation (Fig. 5), 
hemorrhagic necrosis and hemorrhage and 
cellular infiltration about the appendages. 
No degeneration of muscle was seen 2 days 
after exposure, although the fibrous septa 
were edematous and contained necrotic 
After 6 days typical circum- 
scribed infarcts were noted in the muscle 
(Fig. 4), and necrotic plugged vessels could 
be discerned amidst the dead fibers. Pro- 
ductive inflammatory reactions involved 
the synovial surfaces. 


leukocytes. 


No alteration was 
observed in fat 2 days after exposure, 
but little adipose tissue was present in 
the injured portions of the legs; after 
6 days necrosis of fat and lipogranuloma- 
Proliferation of 
fixed mesenchymal elements and fibrosis 


tous reactions were seen. 


were evident. 

Throughout the tissues vascular changes 
were observed. All the small vessels were 
dilated, rounded and packed with erythro- 
The vascular channels 
were so prominent that the tissues looked 
as if they had been injected for purposes 
The individual 
red cells within the clumps could be dis- 
cerned as separate elements 2 days after 
exposure. A few small hyaline masses, 
composed of platelets and a little fibrin, 
were present in the lumens of occasional 
vessels, and similar material was plastered 
along the lining of others (Fig. 8). The 
vascular walls had a hyalinized homogen- 
ized appearance but did not exhibit true 
fibrinoid necrosis. Red cells had entered 
the walls and adventitial sheaths, and 
sometimes the extravasated erythrocytes 


cytes (Fig. 6). 


of demonstration (Fig. 7). 


formed columns between the elastic lamel- 
le (Fig. 9). A few perivascular collections 
of inflammatory cells were noted. ' Frag- 
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PLaTe 1 


ia. 1.—Gangrene of leg of rabbit not treated with heparin, 6 days after exposure to freezing. 

tic. 2.—Gangrenous leg of untreated rabbit (right) and normal leg of rabbit treated with heparin 
left), 10 days after exposure of both animals. 

Fic. 3.—Normal leg of rabbit treated with heparin, 6 days after exposure. 

Fic. 4.—Necrosis of skin and subcutaneous tissue and infarction of muscle. (Untreated rabbit; 
‘(} days after exposure.) Hematoxylin and eosin stain. X 10. 

Fic. 5.—Epidermal vesicle. (Treated rabbit; 2 days after exposure.) Hematoxylin and eosin stain. 
160. 
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PLATE 2 


Fic. 6.—Small vessels packed with red cells. (Untreated rabbit; 2 days after exposure.) Hema- 
toxylin and eosin stain. X 315. 

Fic. 7.—Dilatation and engorgement of subcutaneous vascular plexus and edema and cellular infil- 
tration of connective tissues. (Untreated rabbit; 6 days after exposure.) Hematoxylin and eosin stain. 
xX 210. 

Fic. 8.—Agglutinated mass of red cells and parietal layer of hyaline material in vessel. (Untreated 
rabbit; 6 days after exposure.) Hematoxylin and eosin stain. X 210. 

Fic. 9.—Columns of erythrocytes penetrating wall of vessel. (Untreated rabbit; 1 hour after expos- 
ure.) Hematoxylin and eosin stain. X 550. 

Fic. 10.— Mural angiitis, migrating leukocytes and cellular débris. (Untreated rabbit; 2 days after 
exposure.) Hematoxylin and eosin stain. X 450. 

Fic. 11.—Thrombus in vessel. (Untreated rabbit; 6 days after exposure.) Hematoxylin and eosin 
stain. X 450. 

Fic. 12.—Thrombus in vessel and cellular infiltration of vessel walls and edematous connective tissue. 
(Untreated rabbit; 6 days after exposure.) Hematoxylin and eosin stain, X 130. 
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Fic. 13.—Fused clump of red cells undergoing hemolysis. (Untreated rabbit; 6 days after exposure.) 
fematoxylin and eosin stain. 210. 
Fig. 14. 


Fibrinous thrombus in vessel near area of gangrene. 
Phosphotungstic acid hematoxylin stain. X 185. 
Fig. 15.—Necrotic distorted axis cylinders in nerve trunk. 


(Untreated rabbit; 6 days after 
xposure.) 


(Untreated rabbit; 6 days after exposure.) 
ielschowsky stain. X 450. 
Fic. 16.—Degeneration of myelin sheaths. (Untreated rabbit; 6 days after exposure.) Spielmeyer 
ain. 450. 
Fic. 17. 


Normal vessels and normal separation of cells and plasma. 
days after exposure.) Hematoxylin and eosin stain. XX 60. 


Fig. 18.—Normal vessels and surrounding hemorrhage. (Treated rabbit; 2 days after exposure.) 
lematoxylin and eosin stain. X 50. 
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mented mural elements and _ infiltrating 
leukocytes were seen in the walls of some 
vessels (Fig. 10). 

Six days after exposure the intraluminal 
plugs and the parieta! layers of hyaline 
material were prominent (Figs. 11 and 12). 
The vessels were still jammed with red 
cells, but in some places the clumps had 
fused so that individual erythrocytes were 
no longer discernible. Some homogenized 
masses of red cells (Fig. 13) had a greenish 
discoloration, which probably resulted 
from breakdown of hemoglobin. Diffuse 
staining by hemolyzed blood was also 
noted in gangrenous areas. In regions of 
necrosis plugged arteries and veins could 
be seen; these channels and those at the 
edges of the gangrenous zones contained 
more fibrin (Fig. 14) than vessels else- 
where. Even in viable tissues the vascu- 
lar walls were more necrotic and inflamed 
than they had been 2 days after exposure. 

Neural changes were observed in areas 
of edema, hemorrhage, necrosis and cellu- 
litis; intrinsic changes were not noted in 
the nerves in other regions. The edema- 
tous perineural tissues contained inflam- 
matory cells. The capillaries supplying 
the nerves were sometimes dilated and 
packed tightly with red cells (described 
as “plugs of agglutinated corpuscles” by 
Denny-Brown®). Disintegration of myelin 
sheaths (Fig. 16) preceded breakup of the 
axis cylinders. The myelin became granu- 
lar and broke into clumps, but, surpris- 
ingly, no neutral fat or phagocytes were 
noticed. The segmented nerve fibers lay 
in twisted coils (Fig. 15). In some places 
the entire nerve trunk was necrotic. 

TREATED Rassits. An occasional ulcer 
or small area of necrosis was encountered 
in tissues from the treated rabbits, but 
for the most part only edema, hemorrhage 
(Fig. 18) and slight cellular infiltration 
were noted. The legs of the few treated 
animals which exhibited gangrene were 
not examined microscopically. There 
was pronounced fibrosis in a region of 
inflammation in 1 specimen. In the tissues 


of animals killed 6 days after exposure 
the perivascular and perineural fixed mes- 
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enchymal elements showed activation and 
proliferation; cellular proliferation, edema 
and hemorrhage were also seen in the tis- 
sues of rabbits which had received heparin 
but had not been exposed to cold. 

The epidermis showed focal vesiculation 
and cleavage at the basal layer; in 1 necro- 
tic crust bacteria were visible. There was 
a suggestion of hyaline change in some 
muscle fibers 2 days after exposure, but 
after 6 days the muscle was entirely nor- 
mal. Mucinous change was noted in the 
adipose tissue, and adjacent to some 
nerves were patches of fat necrosis. 

The vessels and their contents appeared 
normal (Figs. 17 and 18) except within 
the rare foci of necrosis; there, as in the 
tissues of the rabbits which had not 
received heparin, erythrocytic plugs were 
present in dilated vessels. There was no 
hyperemia, and little fibrin was encoun- 
tered in the vessels and the interstitial 
tissues. 

Most of the nerves were normal, but 
some showed hemorrhage and leukocytic 
infiltration, and there was an occasional 
perineural inflammatory reaction. Degen- 
eration of myelin or axis cylinders was not 
noted. 

Comment. The legs of rabbits which 
have been subjected to freezing initially 
show vasoconstriction; after thawing there 
are characteristic vascular engorgement 
and conglutination of red cells. Agglu- 
tinative thrombi, poor in fibrin, form and 
ischemic gangrene follows. Our observa- 
tions confirm those of Essex and Quin- 
tanilla,® who found that heparin did not 
prevent the early clumping of red cells 
within the vessels. Heparin apparently 
does prevent the development of true 
agglutinative thrombi from the clumped 
erythrocytes by interfering in some way 
with the adhesiveness of the packed red 
cells, and consequently vascular lesions 
do not appear and gangrene does not en- 
sue. Whether the conglutination bears a 
relation to cold hemagglutinins’ has not 
been worked out. This phenomenon may 
be compared with the clumping which has 
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been observed in malarial blood and with 
the “sludging”’ which has been described 
in traumatic shock.® 

No changes in nerve or muscle attribut- 
able to cold directly, such as those de- 
scribed by Blackwood and Russell,? were 
In the tissues of the untreated 
rabbits degeneration of myelin sheaths 
and axis cylinders and unequivocal hya- 
line alteration of muscle fibers were pres- 
ent only where there was obvious damage 
from ischemia. The treated animals 
showed no significant abnormalities of 
neural or muscular tissues. It is not clear 


noted. 


why changes similar to those produced 
by Denny-Brown co-workers’ by 
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freezing and cooling the exposed sciatic 
nerves of cats were not encountered. It 
is possible that artificially isolated nerves 
react differently than do nerves occupying 
their normal positions. 
that cold has a direct specific action on 
myelin and fat, first suggested by one of 
the writers,! is further discussed in the 
paper by the Denny-Brown group. 

Summary. The fundamental lesions of 
frostbite experimentally produced in rab- 
bits are vascular. The formation of ag- 
glutinative erythrocytic thrombi leads to 
vascular occlusion and ischemic gangrene. 
Heparin prevents the development of both 
thrombosis and gangrene. 


The suggestion 
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USE OF POSTERIOR PITUITARY EXTRACT (PITUITRIN) TO MEASURE 
RENAL FUNCTION 


By S. F. Horne, M.D. 


AND 


M. Morris, M.D. 


WINSTON-SALEM, 


NORTH CAROLINA 


(From the Department of Medicine, Bowman Gray School of Medicine of Wake Forest College, and 
the North Carolina Baptist and Forsyth County Hospitals) 


ALTHOUGH numerous renal function 
tests have been described, there is still 
a great need for a simple and dependable 
test which is adaptable to office practice 
and allows rapid evaluation of the con- 
centrating power of the kidneys. Recently 
the use of a concentration test based on 
the antidiuretic action of posterior pitu- 
itary extract (pituitrin) has been studied 
by several investigators. Some of 
these investigators*®* believe that the 
test is accurate enough to be substituted 
for the fluid restriction tests, while others? 
have noted wide variations between modi- 
fications of the pituitrin test and the 
Addis concentration test. Schneeberg 
and his co-workers,’ and Sodeman and 
Engelhardt*® have shown that water in- 
duced diuresis does not interfere with the 
pituitrin test, and others*®:* have found 
that the test gives a true indication of 
renal function in patients with congestive 
heart failure. 

We have compared the pituitrin test 
with a fluid restriction test in a series of 
patients with and without impaired renal 
function and in a group of patients with 
congestive heart failure, both before and 
after compensation. In addition, the 
effect of the patient’s state of hydration 
on both tests has been studied. 


Material. A total of 67 patients whose 
ages ranged from 12 to 96 years were studied 
at the Forsyth County Hospital (a home 
for the aged and infirm) and the North 
Carolina Baptist Hospital (a general hospi- 
tal). These patients were divided into 
5 groups: (1) a control group of 14 patients 
without hypertension or evidence of renal 
disease; (2) 11 patients with hypertension 
who showed no evidence of renal disease; 


(3) 27 patients with impaired kidney func- 
tion; (4) 10 patients with congestive heart 
failure; and (5) 5 patients without evidence 
of kidney disease in whom the effect of the 
state of hydration was studied. 

The first 3 groups were made up entirely 
of patients from the Forsyth County Hospi- 
tal, who were classified by the following 
method: after a routine history, physical 
examination, urinalysis, and blood examina- 
tion, the 2 urinary concentration tests were 
performed. Patients whose urine showed a 
specific gravity above 1.020 on any sample, 
whose blood pressure was normal, and who 
had no evidence of any disease of which 
renal inadequacy might be a part, were 
placed in the control group (Table 1). If 
the blood pressure was elevated and the 
maximum specific gravity of the urine was 
above 1.020, a phenolsulfonphthalein excre- 
tion test and non-protein nitrogen deter- 
mination were made. If these were within 
the normal range, the patients were placed 
in the 2nd group (Table 2). The 3rd group 
consisted of patients with definite evidence 
of impaired renal function; the additional 
studies done on these patients are shown 
in Table 3. 

The 4th group was made up of 6 patients 
from the North Carolina Baptist Hospital 
and 4 from the Forsyth County Hospital, 
all of whom had edema due to congestive 
heart failure when the first tests were done. 
The tests were repeated after the failure had 
been compensated and the edema had dis- 
appeared (Table 4). Five patients from 
the North Carolina Baptist Hospital made 
up the 5th group. These patients had no 
evidence of kidney disease, and were studied 
solely to determine the effect of states of 
relative hydration and dehydration upon 
the 2 tests (Table 5). 

Method. In the fluid restriction test nc 
fluids were allowed after 5 p.m. All urine 
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voided during the night was discarded, and 
specimens were collected at 7, 8 and 9 a.m. 
Only the highest specific gravity is recorded 
in the tables. 

The method described by Wall® for the 
pituitrin test was used. The patients re- 
ceived no special preparation, and the tests 
were done at various times of the day. No 
food or fluid was allowed during the 2 hour 
test period. The bladder was emptied just 
prior to the test, and the urine was discarded. 
One cc. of pituitrin containing 10 U.S.P. 
units was then injected subcutaneously. 
Urine was collected 1 and 2 hours after the 
injection, and the higher specific gravity 
was recorded. The blood pressure was taken 
frequently during and after the test. 

All determinations of specific gravity were 
made at the same temperature in a cali- 
brated 7 cc. urinometer. None of the speci- 
mens contained sugar, and corrections were 
made for the albumin content.? In no case 
there sufficient albuminuria to raise 
the specific gravity significantly. 

Wall,* from incomplete studies on patients 
with heart failure, suggested that the pitu- 
itrin test is more reliable than fluid restric- 
tion tests in patients with severe edema; 
other workers® have confirmed this idea. 
In order to evaluate further the effect of 
edema, both tests were performed in a 
group of 10 patients with congestive heart 
failure and were repeated after compensa- 
tion was complete (Table 4). 

It has been generally assumed* that 
preparation of the patient is not necessary 
for the use of the pituitrin test, and that 
the state of hydration does not appreciably 
affect the results of the test. In order to 
evaluate further the hydration factor we 
studied separately 5 patients who had no 
evidence of renal disease (Table 5). Both 
tests were performed twice (72 hours apart) 
and were preceded once by hydration of the 
patient (2000 ec. of water the evening before 
and 200 ec. of water every 30 minutes for 
4 hours prior to the test) and once by de- 
hydration (no fluids taken for 15 hours 
prior to the test). The order in which the 
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tests were performed was varied from patient 
to patient. 


Results. The maximum specific gravi- 
ties obtained by both tests are recorded 
in the tables. Excluding the patients 
with cardiac decompensation and the 
group studied for the effect of hydration 
and dehydration, it was found that the 
fluid restriction test gave a higher specific 
gravity in 21 (40%) of the cases. The 
posterior pituitary test gave a higher 
value in 20 (39° ) of the patients, and in 
11 (21°) the maximum values obtained 
by the 2 tests were the same. The great- 
est variation between the 2 tests in any 
case was 0.005, and the average variation 
was 0.0015. 

If a specific gravity below 1.020 is 
taken as an indication of impaired renal 
function, and the 52 patients in the first 
3 groups are classified according to this 
criterion, it is seen that in 4 cases (marked 
with an asterisk) the 2 tests failed to 
agree on the patient’s classification. Three 
of these 4 patients were in the group 
with renal disease. 

The results shown in Tables 1, 2 and 3 
were analyzed by determining whether 
the mean of the differences between the 
2 tests is significantly different from zero.* 

In the 10 patients tested during con- 
gestive heart failure and again after com- 
pensation (Table 4) the pituitrin test gave 
very nearly the same values on both 
occasions, while the specific gravities ob- 
tained by the fluid restriction test were 
much lower during edema in 70% of the 
patients. One of the most valuable uses 
of the pituitrin test will be to determine 
the status of a patient’s renal function 
during congestive heart failure. 

In the 5 patients tested following hydra- 
tion and dehydration (Table 5), the varia- 
tions in the maximum specific gravities 


* In the control group (Table 1) the calculated value for t is 1.640, while the value found in the 
table is 2.160. The interpretation of this finding is that the mean of the differences between the 2 tests 


does not differ significantly from zero. 


In the group with hypertension without demonstrated renal 


disease (Table 2), the calculated value for t is 1.024, while the value given in the table is 2.228. The 
interpretation is the same as for Group 1. In the group of patients with impaired renal function (Table 3) 


the calculated value for t is 2.333, while the value given in the table is 2.056. 


difference is significantly different from zero. 


Thus, in this group the 
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Pituitrin 


test 
1.027 
1.023 
1.022 
1.024 
1 027 
1.025 
1.023 
1.027 
1.025 
1.023 
1.022 
1.027 
1 020 
1 029 


Pituitrin 


test 
1 023 
1.020 
1.025 
1.021 
1.022 
1.025 
1.025 
1.021 
1.023 
1.030 
1 025 


P.8.P 
2hr. %) 
40 


TaBLE 1.—MaximumM Speciric GRAVITIES OBSERVED IN PATIENTS WirHout HYPERTENSION 
or Evipence oF Renat Disease (CONTROL GROUP) 
Case Fluid restriction 
No Age Blood pressure test 
1 99 118/80 1.028 
2 36 100/60 1.025 
3 12 110/64 1 025 
4 77 138/88 1 023 
5 24 116/68 1 026 
6 59 136/80 1 028 
7* 60 142/80 1.019 
53 130/66 1.029 
9 24 124/82 1 027 
10 41 120/82 1 024 
1] 34 130/84 1 024 
12 22 124/80 1 026 
13 x6 120/80 1 021 
14 21 120/80 1 02S 
* Tests disagree as to adequacy of kidney function. 
TaBLe 2.—Maximum Speciric GRAVITIES OBSERVED IN PATIENTS WITH HYPERTENSION 
Wirnovut Evivence or RENAL DISEASE 
Case Fluid restriction 
No. Age Blood pressure test 
15 80 200/100 1.022 
16 78 220/110 1 021 
17 57 200/124 1 025 
18 56 160/94 1.025 
19 67 236/140 1 025 
20 60 150/98 1 030 
21 55 150/100 1 025 
22 SO 150/96 1 023 
23 42 150/110 1 023 
24 68 180/100 1 031 
25 78 176/90 1 O21 
TABLE 3.—MaximumM Speciric CAVITIES OBSERVED IN PATIENTS WiTH IMPAIRED RENAL FUNCTION 
Fluid 
Case Blood restriction Pituitrin 
No Age Diagnosis pressure test test 
26 Arteriosclerotic ne- 160/78 1 017 1 019 
phritis 
27 43 2 160/100 1 016 1.018 
28 74 170/100 1 O15 1 017 
29 65 142/88 1 O18 1 016 
30* 63 110/70 1 019 1 021 
31 80 142/84 1 015 1.017 
32 47 190/130 1.015 1.015 
33 70 156/98 1 014 1 013 
34 54 180/100 1.013 1 016 
36 10 150/80 1 017 1 O17 
36 50 160/104 1 020 1 020 
37 68 180/100 1 017 1 017 
38 75 122/68 1 017 1.017 
39* 90 140/80 1 018 1 020 
40 79 180/80 1 015 1 014 
41 64 170/92 1 015 1.018 
42 68 160/86 1.017 1 O18 
43 76 Necrotizing arteriol- 225/130 1 016 1.018 
itis 
44* 72 ” 200/110 1 020 1.019 
45 44 230/134 1.018 1.019 
46 20 210/150 1.016 1. 016 
47 43 Pyelonephritis 148/98 1.018 1.017 
48 60 Chronic glomerulo- 164/98 1.012 1.014 
nephritis 
49 52 ws 200/110 1 012 1.013 
50 96 180/90 1.013 1.013 
51 68 150/90 1 O11 1.010 
52 24 155/105 1.010 1.010 


* Tests disagree as to the adequacy of kidney function, 
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obtained by the 4 tests ranged from 0.001 
to 0.003, the average being 0.002. The 
average of the variations in the 2 fluid 
restriction tests was 0.0018. The varia- 
tion between the 2 tests using pituitrin 
was never more than 0.001, although the 
specific gravities were usually higher after 
fluid restriction. These findings agree 
with the general impression that special 
preparation of the patient for the pitu- 
itrin test is not necessary, and that pitu- 
itrin will elevated the specific gravity to 
satisfactory diagnostic levels regardless of 
the state of hydration. 


POSTERIOR PITUITARY EXTRACT 


TO MEASURE RENAL FUNCTION 71 
second injection produced no symptoms. 
Of the 52 patients in the first group, 
20 (39°7) had a stool within the Ist hour 
after injection, but this was not associated 
with abdominal pain and in no way dis- 
turbed the patient’s course. There were 
no significant alterations of blood pressure 
in any of the patients, the maximum 
variation being 10 mm. of mercury. The 
test was performed in 6 patients with 
known coronary artery disease, and in 
none was chest pain produced. These 
patients were given a test dose of 0.5 ce. 
(5 U.S.P. units), and a period of 6 hours 


TasBLe 4.— Speciric GRAVITIES OBSERVED IN PATIENTS With CONGESTIVE HEART 
FAILURE BEFORE AND AFTER COMPENSATION 
With edema After compensation 
Case Blood Fluid Fluid N.P.N. P.S.P. 
No Age Diagnosis pressure Pituitrin restriction Pituitrin restriction (mg.%) (2 hr. %) 
53 40 Rheum. heart disease, 120/85 1.018 1.014 1.018 1.017 38 
mitral stenosis 
54 66 “ 140/80 1.029 1.021 1.029 1.030 37 58 
55 45 145/80 1.029 1.020 1.028 1.028 43 45 
56 51 <3 130/78 1.027 1.024 1.028 1.027 34 70 
57 42 Syph. heart disease, 140/60 1.023 1.014 1.022 1.021 38 70 
aortic insufficiency 
58 64 Hypertensive heart 230/150 1.016 1.012 1.017 1.018 58 
disease 
59 64 " 180/120 1.017 1.012 1.019 1.017 a2 35 
60 47 200/126 1.019 1.013 1.019 1.020 40 43 
Hl 44 Arteriosclerotic heart 140/80 1.0o19 1.018 1.019 1.019 40 
disease 
62 qs = 150/80 1.020 1.019 1.020 1.021 38 3 
Taste Maximum Speciric GRAVITIES OBSERVED IN 5 PaTIENTS WitTHoUT RENAL DISEASE 
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Following hydration 


(Case 

No. Pituitrin 
63 1.021 
64 1 024 
65 1.022 
66 1 027 
67 1 026 


SIDE-EFFECTS OF Pirurrrin. There 
have been no alarming symptoms reported 
from the use of posterior pituitary extract 
in doses of 10 U.S.P. units, although some 
workers’ have noted blanching of the skin 
and abdominal cramps. Three of the 
patients in this series (6%) complained 
of cramping abdominal pains soon after 
the injection, and 2 others (4%) experi- 
enced nausea and vomiting. These symp- 
toms did not interfere with the test, 
however, and did not persist for more 
than 10 minutes. In the patients on 
whom the test was performed twice the 


HyprRaTION Was VARIED 


Following dehydration 


Fluid Fluid 
restriction Pituitrin restriction 
1.021 1.020 1 022 
1 024 1.024 1 025 
1.022 1 023 1.024 
1.026 1 028 1.029 
1 026 1 027 1 028 


was allowed to elapse before the full dose 
was given. We believe that a test dose 
should always be used in patients with 
coronary artery disease, since the drug 
is known to produce constriction of the 
coronary arteries, and is potentially dan- 
gerous for such individuals. 

Discussion. ‘The statistical analysis of 
the first 3 groups indicates clearly that 
the fluid restriction and pituitrin tests 
give extremely close agreement of the 
concentrating power of the kidneys in 
patients without renal disease, but that 
they differ significantly in patients with 


HORNE, 
impaired kidney function. However, the 
analysis presupposes that the maximum 
concentration given by the fluid restric- 
tion test is a constant figure and will not 
vary from day to day. 
his 


Schneeberg and 
giving 
data, that there is a significant day-to- 


co-workers® stated, without 
day variation in the specific gravities ob- 
tained by the Fishberg technique. We 
have not studied this factor in detail, 
but it has been our impression that there 
is a daily variation. If this impression 
is correct, the statistical analysis is not as 
significant as it would be otherwise. 

Although in 4 cases the tests failed to 
agree as to the adequacy of renal func- 
tion (if a specific gravity of 1.020 is taken 
as a criterion), the actual variations in 
specific gravities in these 4 cases are small 
(1.020 and 1.019, 1.020 and 1.018, 1.021 
and 1.019, 1.023 and 1.019). If one applies 
the chi square method of analysis, one 
finds that chi square is 0.308, a figure 
which indicates that the difference is not 
significant and could occur by chance. 
Our findings indicate that pituitrin can 
be used as a substitute for the fluid restric- 
tion test to measure renal function. Since 
3 of the 4 instances of significant failure 
in agreement were in the group of patients 
with renal disease, it would appear that 
the test is not as reliable in patients with 
diseased kidneys as in patients without 
kidney disease. 

We believe that the pituitrin test is a 
valuable addition to the group of renal 
function tests. The advantages of the 
test are numerous. It does not require a 
prolonged period of fluid restrietion, and 
may be carried out without special prepa- 
ration of any kind—a very great advan- 
tage in the unintelligent or uncodperative 
patient. The test is of particular value 
in office practice, since it is completed in 
2 hours and saves the patient the incon- 
venience of a second trip to the office. 
The test is also valuable in preoperative 


cases where it is not feasible to postpone 
operation for a day or where fluid restric- 
tion is contraindicated.* 4.6.7.8 

Perhaps the greatest advantage of the 
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test is its reliability 


in the presence of 


edema. It is not reliable, however, in 
patients who have had mercury or xan- 
thines, since these drugs inhibit the anti- 
diuretic action of the pituitrin. 

The disadvantages of the test are few. 
In a few instances it was difficult to obtain 
urine specimens, but this difficulty was 
usually encountered in the fluid restric- 
We 
believe that it was due to inability of 
the patient to 


tion tests on the same patients. 
void voluntarily rather 
than to inadequate excretion of urine, 
since specimens were obtained easily by 
catheterization in the few cases in which 
it was necessary to resort to this measure. 
However, the volume of urine obtained 
during the pituitrin test was frequently 
so small that a 7 cc. urinometer had to 
be used. 

The pituitrin test is potentially dan- 
gerous in patients with angina pectoris 
and is contraindicated in pregnancy, even 
in the first the 
danger of uterine tetany and fetal death. 


trimester, because of 
Except in this small group of patients, 
however, the test can be safely performed 
whenever it is to measure the 
concentrating ability of the kidneys. 


necessary 


Summary and Conclusions. |. In 25 
patients without renal disease the fluid 
restriction test and pituitrin test gave 


comparable results; but in 27 patients 
with impaired kidney function there was 
a statistically significant difference. How- 
ever, the statistical analysis was of neces- 
sity based upon the invalid assumption 
that. the fluid restriction test gives a con- 
stant result. 

2. In the pituitrin test 
determined accurately whether or not a 


most cases 


given patient should be classified as 


having impaired renal function. It may 
be substituted for the fluid restriction test 
to measure the concentrating ability of 
the kidneys, although greater variation 
occurred in patients with the diseased 
kidney, than in patients without kidney 
disease. 


3. The posterior pituitary test accu- 


| | 


USE OF 


rately measured the concentrating power 
of the kidneys in 10 patients with edema, 
whereas the fluid restriction tests gave an 
abnormally low specific gravity in these 
The posterior pituitary gave 
a value that does not differ significantly 
from the same test or the fluid restriction 
test after the patient has compensated. 

1. The prevailing state of hydration 
does not significantly influence the results 


pat ients. 


POSTERIOR PITUITARY EXTRACT TO MEASURE RENAL 


FUNCTION 
obtained with the posterior pituitary test 
in the 5 patients tested. 

5. The posterior pituitary test requires 
no special preparation of the patient, is 
completed in a short period of time, and 
produces no untoward reactions in the 
average patient. It is contraindicated in 
pregnancy, however, and is potentially 
dangerous in individuals with coronary 
artery disease. 
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THE introduction of new compounds 
which exert an inhibitory effect upon the 
activity of the thyroid gland presents 2 
possible advantages. 
might 


Such compounds 
either (a) when 
used over relatively short periods of time 
as adjuvants to, or substitutes for, iodine 
in the preparation of the thyrotoxic pa- 
tient for thyroidectomy; or (b) as substi- 


prove of value 


tutes for thyroidectomy and other forms 
of treatment in the production of a pro- 
longed or permanent remission in the 
thyrotoxic state. The effects of thiouracil, 
“antithy- 
roid’’ compounds, have been so extensively 
studied and described that the usefulness 
and limitations of this drug as a 


the most prominent of the new 


pre- 
operative agent are by this time relatively 
well understood.'!?> However, evaluation 
of the ultimate usefulness of thiouracil 
in the permanent control of thyrotoxicosis 
must await more prolonged observation 
of larger numbers of patients followed for 
long periods of time. The limited number 
of references'® in the literature to the 
results of prolonged therapy with thio- 
uracil is doubtless due chiefly to the fact 
that this drug has been in general clinical 
use for somewhat less than 3 years. Addi- 
tional reports on this phase of the prob- 
lem are desirable. It is our purpose here 
to report observations on 35 thyrotoxic 
patients who have received thiouracil for 
. protracted periods and who have been 
under observation for intervals varying 
from 10 to 30 months. Data of chief 
interest pertaining to our cases are pre- 
sented in Table 1. 

We have divided our patients into the 
following 3 groups: (1) patients in whom 
sustained remission has followed the ces- 
sation of thiouracil therapy; (2) (a) patients 


who have remained in remission on small 
maintenance doses of thiouracil, but who 
have relapsed when such maintenance 
doses were withdrawn, (b) patients who 
have relapsed when the dosage of thiour- 
acil was reduced, and (¢) patients maintain- 
ed in remission on small doses of thiouracil, 
without withdrawal of the drug; (3) 
patients who, despite prolonged therapy, 
have shown doubtful or unsatisfactory 
response. 
Group 1. Only 1 of these 16 patients 
was a male and all but 3 were less than 
50 vears of age. The thyrotoxicosis was 
moderate in 
Only 1 patient pre- 


sented a nodular goiter; in the others the 


considered to be mild or 


severity in all cases. 


thyroid enlargement was diffuse, uniform 
None 


of the patients had received iodine, irradi- 


and slight or moderate in degree. 


ation, or any other specific therapy 
directed toward the thyroid for at least 
1 month prior to the beginning of thio- 
uracil; and in no instance had a previous 


Two 


patients presented independent compli- 


thyroidectomy been performed. 


cating diseases: 1 suffered from essential 
hypertension, arthritis, a uterine fibroid, 
and secondary anemia; the other (with a 
nodular goiter) suffered from hyperten- 
sion, angina pectoris, and chronic chole- 
cystitis. 

The average period of maximum thio- 
uracil dosage (0.6 to 1 gm. daily) was 
1.2 months, the shortest period of maxi- 
mum dosage was 0.5 month, and the 
longest 2.5 months. The average dura- 
tion of therapy was 6 months; the short- 
est period during which the drug was 
administered month, and the 
longest period was 10.25 months. Among 
the 9 patients who have remained well for 


was | 
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1 year or more following the withdrawal 
of therapy, the average period of treat- 
ment months, the minimum 
| month, -and the maximal period 9.5 
months. The duration of observation 
following the withdrawal of therapy is 
shown in Table 1. 


was 5.5 


TABLE 1 Data PERTAINING TO DIAGNOSIS 


RECEIVING 


THIOURACIL IN THYROTOXICOSIS 


AND TREATMENT OF 
THIOURACIL 


Aad 


slight exophthalmos or lid retraction. 
Neither of these signs was aggravated ex- 
cept in 1 patient who showed a slight 
unilateral increase in exophthalmos, which 
appeared 2 months after treatment was 
started, and has persisted throughout 
12 months of subsequent observation. 


35 Tuyroroxic 


Giroup Group 2 

Group 3 
Remissions 
only during 


Sustained 


post-therapeutic Unsatisfactory 


remissions therapy response 
Number of patients: 16 13 6 

Potal period of observation 

6-12 months % 4 2 

12-18 4 l 2 

18-24 1 7 0 

24-30 Ss l 2 
Relapses i* 11 4 
Remissions 16 11 0 
Age: 

10-19 years 3 0 1 

20-29 1 7 0 

30-39 3 3 0 

40-49 6 0 2 

50-59 2 3 1 

60-09 1 0 2 
Sex: 

Female 15 10 5 

Male l 3 1 
Type of goiter: 

Diffuse 15 Ss 3 

Nodular l 3 

Recurrent postoperative 0 3 0 
Total therapy (months): 

Average 6 13 17 

Minimum 1 6 7 

Maximum 10 8 20 26 
Follow-up after withdrawal of drug: 

3- 6 months 

6-12 3 

12-18 3 

1S -24 4 

24 2 


* The 4 relapses noted in Group 1 occurred early in our study, the drug being withdrawn too soon 
in these cases; these patients subsequently responded to resumption of therapy, amd ultimately showed 


sustained remissions. 


Four patients in this group relapsed 
following the first withdrawal of thiouracil, 
but were promptly controlled again fol- 
lowing readministration of the drug. In 
these cases the drug was withdrawn after 
5, 2.25, 1.5 and 1 month respectively, 
symptoms of relapse became apparent in 
|, 2.5, 2 and 0.5 month respectively. No 
patient in this group showed ocular in- 
volvement of a more serious nature than 


The criteria for the determination of 
remission in this group have included 
complete subjective relief, weight gain, 
and the return of the basal metabolic rate 
Reduc- 
tion in size of the thyreid gland was not 
considered a prerequisite component of a 


and heart rate to normal levels. 


remission. 


In this group the thyroid 


definitely decreased in size in 7 patients, 


\ 

\ 

4 
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showed no change in 8, and increased in 


The average period of thiouracil therapy 
in this group was 12.6 months, the min- 
imal period being 5.75 months, and the 
maximal period 19.5 months. The dosage 
of thiouracil was irregular, varying from 
an initial maximal dose of 0.6 to 1 gm. 
daily to a minimal dose of 0.1 to 0.2 gm. 
daily. Maintenance of remission did not 
in any case require a daily dose greater 
than 0.2 gm. The maximal period of sus- 
tained therapy prior to any relapse aver- 
aged 5.75 months; the shortest period of 
therapy prior td a relapse was 1 month, 
and the longest was 11 months. The ap- 
proximate time required for 
symptoms of relapse to become apparent 
was 2.7 months, the shortest time being 
1 month, and the longest being 5 months. 
Three patients presented moderately sev- 
ere signs of ophthalmopathy (edema and 
congestion of lids and conjunctive, with 
slight superficial corneal erosion in 1 case). 
One of these patients, a woman aged 38, 
with a slight diffuse goiter and an initial 


average 


THIOURACILL 


IN THYROTOXICOSIS 


basal metabolic rate of +30°% also re- Ww 
1 (patient with a nodular goiter). ceived 1000 r units of irradiation to the te 
Group 2. (a) Only 1 of these 9 patients pituitary. Estrogen, a short course of n 
was a male, and the majority of the group iodine, and 1 series of irradiation treat- l 
was less than 40 years of age. The thyro- ments to the thyroid were also given sub- 4 
toxicosis was Classified as mild in 2 cases, sequent to her relapse.following the with- d 
moderate in 6, and severe in 1. The drawal of thiouracil. After 10 months I 
thyroid enlargement was diffuse in 7 pa- observation there has been no significant d 
tients (4 slight, 3 moderate) and nodular change in her ocular condition. Another r 
(postoperative recurrence) in 2 instances. patient, a man aged 68, with a slight fe 
Except: for | patient who received iodine diffuse goiter and a basal metabolic rate I 
for 3 weeks immediately prior to treat- of +65°. was given estrogen intermit- o 
ment, no patient in this group had received — tently in addition to thiouracil. He suf- r 
therapy directed toward the thyrotoxi- fered 2 episodes of exposure keratitis 7 and c 
cosis within at least 2 months prior to 14 months after thiouracil was begun. V 

the beginning of thiouracil. No patient After 21 months of treatment his exoph- 
in this group presented any independent thalmos has increased about 5 mm. in i 
complicating disease. each eye, but the edema and congestion | 
PaBLE 2.—Toxic REAcTIONS ATTRIBUTED TO THIOURACIL IN 5 PATIENTS 

Daily dosage Lowest total 
Duration of at time of leukocyte I 
therapy prior to Ist episode count Lowest % of No. of Sy mptoms ( 
Patient Ist episode gm.) (thous./e.mm.) neutrophils episodes 

1 M.C 6 mos 0.2 2.5 30 2 Pharyngitis ] 

2. V.C 23 days 0.6 1.2 12 2 Pharyngitis, chills, 
and fever 
1.5 mos 0.2 2.8 44 Cervical adenopathy 

and fever 

4. A.5 1.0 2.8 18 None 
5. T. 
Leukopenia 6 * 0.1 1.8 41 Pharyngitis ‘ 
Rash 3 wks. 0.6 None 


of the lids and conjunctive have decreased. | 
The third patient was a Negro woman, 
aged 34, with a nodular, postoperative re- 
growth of the thyroid and moderately 
severe thyrotoxicosis. Her ocular signs 
included exophthalmos, edema of the lids, 
and enlargement of the lacrimal glands. 
After 17 months of intermittent thiouracil 
therapy the exophthalmos had increased 
by 4 mm. in each eye. The condition of 
the lids and lacrimal glands was unchanged 
but the cornea remained intact and visual 
acuity had not changed. Thiouracil was 
then withdrawn because of the increase 
in exophthalmos. One year after with- 
drawal the exophthalmos had increased 
further by 1 mm. in each eye. 


(b) The 2 patients in this group were 
a Negro male, aged 28, with a nodular 
goiter; and a white female, aged 31, with 
a nodular thyroid regrowth associated 
with chronic persistent thyrotoxicosis fol- 
lowing a partial thyroidectomy 8 years 
previously. The first patient relapsed 


within | month after having received 0.6 
to 0.4 gm. of thiouracil daily for 1.75 
months and 0.2 to 0.1 gm. daily for 
.25 months. He relapsed a second time 
4 months later, 1 month after the daily 
dose had again been reduced to 0.1 gm. 
The dosage was again reduced to 0.1 gm. 
daily after 3 months, and this time he 
remained in remission on 0.1 gm. daily 
for 3 months, when therapy was omitted. 
He did not return for examination for 
5 months at which time he had again 
relapsed, although his nodular goiter was 
definitely smaller than before treatment 
was begun. 

The second patient was under treatment 
for 19 months. During this time she re- 
lapsed twice when thiouracil was with- 
drawn for | month or less. She also re- 
lapsed 3 times when the daily dose was 
reduced to 0.1 gm., symptoms recurring 
once after 1 month and twice after 2 
months’ reduction of dosage. During the 
entire period of therapy her nodular 


thyroid regrowth increased slowly in 
size, and her exophthalmos increased 
slightly. Thiouracil was finally aban- 


doned when recurrent leukopenia appear- 
ed after 17 months therapy, and subtotal 
thyroidectomy was performed following 
iodinization. 

(c) These 2 patients remained in pro- 
longed remission on daily maintenance 
doses of thiouracil not exceeding 0.2 gm. 
The first patient was a woman, aged 69, 
with a nodular goiter, diabetes mellitus, 
moderate hypertension, and mild symp- 
toms of congestive heart failure, with an 
initial basal metabolic rate of +46%. 
She received 0.4 to 0.8 gm. of thiouracil 
daily for 5 months. For the next 6 months 
she was kept in remission on a daily dose 
varying from 0.3 to 0.05 gm. During 
this time her goiter increased in size de- 
spite the intermittent use of iodine and 
desiccated thyroid. Subtotal thyroidec- 
tomy was performed because of increas- 
ing pressure symptoms. 

The second patient was a male, aged 
22, with an initial basal metabolic rate 
of +59%, and a firm, diffuse, moderate 
thyroid enlargement. He received a 
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maximal daily dose of 0.6 gm. for 2.75 
months, 0.2 to 0.3 gm. for 4 months, and 
for 4 months has been maintained in re- 
mission on 0.1 gm. daily. His goiter has 
decreased markedly in size and firmness. 

Among the 13 patients in Group 2 the 
thyroid enlargement showed no change 
in 3, increased in size in 3, and decreased 
in 7. Among the latter were 2 of the 
5 nodular goiters. Ocular manifestations 
were unchanged in 9 cases, increased in 3, 
and decreased in | instance. 

Group 3. The 6 patients in this group 
have failed to show clear-cut response to 
thiouracil, despite periods of treatment 
varying from 7 to 15 months. The 
average period of treatment was 11.5 
months. Only 1 of these patients was a 
male. Five of the patients were above 
44 years of age. The outstanding feature 
in this group was the presence of com- 
plicating diseases in 4 cases. None of 
the patients in this group received signifi- 
cant therapy directed toward the thyroid 
prior to the beginning of thiouracil ad- 
ministration. Only 1 patient showed ocu- 
lar signs (slight stare and exophthalmos) ; 
these were not affected by treatment. 

Brief protocols of these cases are given 
below: 


1. C. De L., a white woman, aged 44, 
with acromegaly, slight diffuse goiter, hyper- 
tension, and slowly progressive cardiac fail- 
ure. The initial basal metabolic rate was 
+64%. Despite the almost continuous ad- 
ministration of 0.2 to 0.6 gm. thiouracil 
daily for 15 months, the basal metabolic 
rate did not show a sustained reduction, 
although the slight thyroid enlargement 
ultimately decreased in size, congestive heart 
failure gradually progressed, causing death 
after 18 months of observation. Differen- 
tial evaluation of the respective influence of 
the pituitary disease, the hypertension, and 
the heart failure upon her basal metabolic 
rate was difficult. However, it was believed 
that thyrotoxicosis, possibly secondary to 
hyperpituitarism, was present and probably 
contributed in some degree to her cardiac 
failure. 

2. T. W., a white woman aged 61, with 
moderate hypertension, myocardial enlarge- 
ment and degeneration, a nodular goiter, 


7s 


and an initial basal metabolic rate of +73°%. 
Despite a decline in the basal metabolic rate 
and gain in weight, she has not shown a 
sustained or complete remission after 1 year 
of thiouracil therapy, with daily dosage of 
0.4 to 0.6 gm., and her goiter has increased 
somewhat in size. The influence of the 
hypertension has been difficult to evaluate. 

3. A. B., a white woman, aged 64, with 
nodular goiter, diabetes mellitus, weakness 
of the right arm apparently associated with 
a cerebral lesion of uncertain nature, and 
an initial basal metabolic rate of +37%. 
Seven months of thiouracil therapy (0.4 to 
0.6 gm. daily) failed to produce a complete 
remission, the lowest basal metabolic rate 
during this time being +20°%. The goiter 
did not change appreciably in size. The 
patient was finally subjected to thyroidec- 
tomy, after the addition of iodine, with a 
satisfactory result. 

4. V. M., a white girl, aged 13, had rheu- 
matic mitral valvular disease, idiopathic 
epilepsy, diabetes mellitus, and a slight dif- 
fuse goiter, with an initial basal metabolic 
rate of +27%. Thiouracil was withdrawn 
after 22 months of occasionally interrupted 
therapy, because of recurrent leukopenia. 
During this time the patient had gained 
44 pounds and had grown 1 inch, but the 
diabetes had not been ameliorated. Her 
thyrotoxic status had been difficult to 
evaluate because of emotional instability 
and other factors. However, at the time 
of final withdrawal of thiouracil it was felt 
that a sustained remission had not been 
produced although her basal metabolic rate 
was +1°%. Three months after thiouracil 
was stopped her basal metabolic rate was 

2° but she still showed tachycardia and 
emotional instability.* This patient has 
been reported in a previous communication.‘ 

5. M. K., a white woman, aged 57, pre- 
sented a slight diffuse thyroid enlargement, 
with an initial basal metabolic rate of +38% 
and evidence of slight cardiac insufficiency. 
After 10 months of occasionally interrupted 
therapy she showed no significant improve- 
ment. Thiouracil was then discontinued 
and 3 months later her status was essentially 
unchanged. This patient had been rather 
uncodperative and irregular in her visits 
to the clinic, and her failure to respond may 
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in part be due to this irregularity rather 
than to inadequacy of thiouracil therapy 
pe Se. 

6. A. S., a Negro male, aged 49, presented 
evidence of severe thyrotoxicosis with a 
nodular goiter, intermittent auricular fibril- 
lation, edema of the legs, marked weight 
loss, and an initial basal metabolic rate of 
+62°7. He received 0.6 to 1 gm. of thio- 
uracil daily, with 1 brief intermission, for 
8 months; an intermediate dose (0.3 to 
0.4 gm. daily) for 3 months; and a mainte- 
nance dose (0.1 to 0.2 gm. daily) for 0.5 
months. His therapy was interrupted on 
3 occasions for periods varying from 2 to 
4 months because his work prevented regu- 
lar visits to the clinic, and because the 
appearance of leukopenia twice necessitated 
the withdrawal of therapy. After 21 months 
of observation his goiter was smaller and he 
was generally improved, but still moder- 
ately thyrotoxic. Because his work pre- 
vented regular clinic visits, and because 
leukopenia had again recurred, thiouracil 
was abandoned and thyroidectomy was ad- 
vised. As in Case 5, unavoidable interrup- 
tions of therapy may have been partially 
responsible for our ultimate failure to pro- 
duce a remission, 

Toxic Reactions ro Tutouracit. The 
reactions were limited to leukopenia and 
maculo-papular dermatosis, the latter ap- 
pearing in a patient in whom leukopenia 
also later occurred. Five patients showed 
a fall in total leukocyte count below 4000 
per c.mm. on | or more occasions. One 
of these (previously reported‘) developed 
severe leukopenia (1250 leukocytes with 
12% neutrophils), with chills, fever and 
pharyngitis, after 23 days of treatment 
(0.6 gm. daily). Thiouracil was subse- 
quently readministered after 1 month of 
interruption without further toxic effect; 
this patient has been in a sustained re- 
mission for 22 months since final cessation 
of therapy. None of the other patients 
who developed leukopenia showed the 
usual clinical picture accompanying severe 
granulopenia. 

Factors pertaining to the leukopenic 
reactions are shown in Table 1. It should 


* In thyrotoxic children and adolescents, periods of discrepancy between the basal metabolic rate 
and other manifestations of the disease are frequently observed during and after various types of therapy 


(‘dispersion phenomenon”’).3 
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be noted that Patient A. S. showed leuko- 
penia on various occasions when he had 
received no thiouracil for several months. 
As William et al. have pointed out, leuko- 
penia occasionally accompanies untreated 
thyrotoxicosis, a fact which may render 
interpretation of leukocyte counts made 
during thiouracil therapy somewhat diffi- 
cult. In the 1 patient who developed 
skin lesions, the eruption appeared after 
4 weeks of treatment, but soon disap- 
peared despite continuation of thiouracil. 
A similar eruption recurred after 19 
months of intermittent treatment, coin- 
dentally with the reappearance of leuko- 
penia. The incidence of toxic reactions in 
our cases, selected because of prolonged 
therapy, does not necessarily reflect the 
general incidence of such reactions. 
Comment. Only tentative conclusions 
can be drawn from our experience, because 
of the small number of patients followed 
und the relatively short period of ob- 
servation. However, 45.7% of our 35 
patients have shown sustained remissions 
for periods varying from 3 to 29 months 
following cessation of thiouracil therapy; 
25.7‘; have remained well for 1 year or 
more. An examination of the data on 
patients showing sustained remission fol- 
lowing cessation of treatment shows that 
the best results appeared in those with 
slight to moderate diffuse thyroid enlarge- 
ment, thyrotoxicosis of mild to moderate 
severity and without independent com- 
plicating diseases or severe ocular signs. 
In short, these patients were the type 
who might have been treated by irradia- 
tion or other conservative measures with 
reasonable expectation of ultimate suc- 
cess They likewise conform to the type- 
in which spontaneous remissions some- 
times occur. Only 2 of the 35 patients 
were considered severely toxic. One of 
these is well controlled on small mainte. 
nance doses, but has twice relapsed whet 
the drug was withdrawn; the other 
(Case 6, Group 3) was considered to have 
responded unsatisfactorily and thyroidec- 
tomy was recommended. None of the 
patients in Group 1 has shown evidence 
of real or sustained hypothyroidism fol- 


lowing cessation of treatment. Four of 
these patients, however, have complained 
of fatigue and exhibited slightly subnor- 
mal basal metabolic rates at intervals of 
3 to 24 months following withdrawal of 
treatment. 

Examination of data in Group 2 (a) 
and (b) reveals no reliable criteria by which 
ultimate failure to show sustained remis- 
sion following cessation of therapy could 
have been predicted. This group con- 
tained the only paticnts showing severe 
ophthalmopathy. There was, however, 
no significant difference in the age dis- 
tribution, type of goiter, or severity of 
thyrotoxicosis between Groups 2 (a) and 
2 (b) on the one hand, and Group 1 on 
the other. It should be emphasized, how- 
ever, that the small size of the groups 
renders statistical comparison, of little 
value. 

The high incidence of complicating 
disease and the higher age incidence in 
Group 3 suggest that these factors may 
have influenced the unsatisfactory re- 
sponse to treatment. 

We have observed no gross evidence 
suggestive of malignant degeneration in 
any case although 5 patients with nodular 
goiters have not been operated upon, and 
any of these glands might conceivably 
contain malignant areas. Five patients 
were ultimately subjected to thyroidec- 
tomy, and in none of these glands was 
there gross or histologic evidence of malig- 
nancy. Two of these goiters were nodu- 
lar, 2 were diffuse, and 1 was an irregular 
postoperative regrowth. In addition to 
prolonged thiouracil therapy, iodine had 
been administered to all 5 patients im- 
mediately prior to operation. After re- 
viewing the histologic sections Dr. R. C. 
Horn has written the following summary: 
‘The 2 nodular goiters in this group do 
not show any unusual findings and in 
neither case are histologic evidences of 
hyperplasia seen in the sections taken. 
The other 3 cases show changes charac- 
teristic of diffuse hyperplastic goiters, ex- 
cept for the fact that 1 is complicated by 
the presence of an adenoma. These 3 
cases are not entirely similar, however, 
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varying just as do hyperplastic goiters 
not treated with thiouracil. One case 
shows well-marked involution and, in the 
goiter associated with an adenoma, the 
hyperplasia is as marked and active as it 
is in many toxic goiters prepared for 
operation with thiouracil alone. How- 
ever, this degree of histologic change is 
by no means unknown in iodine-treated 
goiters. It is interesting to speculate upon 
the question of whether thiouracil may 
have stimulated (or even initiated) the 
growth of the adenoma found in 1 of the 
goiters in this group.” 

From the evidence presented by our 
data it would appear that prolonged 
treatment with thiouracil does not pro- 
duce sustained post-therapeutic remis- 
sion in a sufficiently high percentage of 
cases of thyrotoxicosis to compare favor- 
ably with the results obtainable by ex- 
pertly performed thyroidectomy or even 
by irradiation. The best results appear 
to have been obtained in uncomplicated 
cases of mild to moderate severity with 
slight or moderate diffuse thyroid enlarge- 
ment. It would appear justifiable to 
undertake prolonged thiouracil treatment 
in such cases, provided the patien artes 
carefully selected with regard to their 
intelligence, their willingness and ability 
to remain under close supervision, their 
economic status, and their understanding 
of the potential dangers of toxic reaction 
to the drug. Prolonged treatment with 


thiouracil would also seem justifiable in 
patients who refuse thyroidectomy or in 
whom the risk of operation is for any 
reason unacceptable. 

Summary. 1. Thirty-five thyrotoxic 
patients have received treatme’ 
thiouracil for periods varying from 
19 months. These patients have |! 
observed for intervals varying from 7 
30 months. 

2. Sixteen patients (45.7%) have re- 
mained in remission for periods varying 
from 3 to 29 months following withdrawal 
of therapy. Nine patients (25.7%) have 
remained in remission for 1 year or more. 

3. The majority of the patients showing 
sustained post-therapeutic remission suf- 
fered from uncomplicated thyrotoxicosis 
of mild or moderate severity, with slight 
or moderate diffuse thyroid enlargement. 

4. Four patients relapsed following with- 
drawal of the treatment, but ultimately 
showed sustained post-therapeutic remis- 
sions following readministration of the 
drug. 

5. Eleven patients (31.4%) were main- 
tained in remission for periods varying 
from 6 tp 19.5 months while receiving 
thiouracil. Two patients (5.7%) relapsed 
following a reduction in dosage to 0.2 gm. 
or less per day. 

6. The majority of the 6 patients who 
failed to respond to prolonged treatment 
were in the older age groups and suffered 
from complicating diseases. 


Since the preparation of this report, Beierwaltes and Sturgis (Remissions in Thyrotoxicosis After 
Discontinuing Thiouracil, J. Am. Med. Assn., 131, 735, 1946) have published observations on 45 patients 
with toxic diffuse goiter treated with thiouracil. Twenty-nine of their patients were followed for 4 months 
or longer. They conclude that persistent post-therapeutic remission may be anticipated in 60 to 80% 
of such cases if treatment is continued for 10 months or longer. 

We are indebted to Dr. Stanton Hardy of the Lederele Laboratories for his generosity in supplying 
us with thiouracil; to Dr. R. C. Horn for pathologic reports, and to Dr. F. H. Adler and his associates 
in the Department of Ophthalmology, for their coéperation in periodic eye examinations of many of our 


H. U. P. patients. 
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THE RELATIONSHIP OF BROMSULPHALEIN RETENTION TO THE 
FEVER OF NATURAL P. FALCIPARUM MALARIA 


By Mas. THomas E. M.C.* 


With the technical assistance of 


Frne, T/5, Davin F. BurGoon, 2np Lrt., SN.C. 


(From the 20th General Hospital, T 


DURING a study’ of the effectiveness of 
atabrine intravenously administered in the 
treatment of P. faleiparum malaria the 
question arose whether a single large dose 
of the drug produced any evidence of 
hepatic dysfunction. Impairment of hep- 
atic function and necrosis of liver cells 
have been reported in experimental ani- 
mals receiving large doses of atabrine." 
To answer the question, the bromsulpha- 
lein test was performed in a series of cases 
of P. falciparum malaria before and after 
treatment. It soon became evident that 
the excretory function of the liver, as 
indicated by retention of dye in the blood 
stream, was impaired during the malarial 
attack before atabrine was administered, 
and that the impairment gradually dis- 
appeared as the attack responded to treat- 
ment. Additional dye retention, due to 
the atabrine, either did not occur or else 
was so transient and so overshadowed by 
that due to the malaria itself that it was 
not detectable. It was then decided to 
learn more about the impairment of dye 
excretion in malaria by performing the 
test at various times during and after the 
attack. The data obtained from such 
observations are contained in this report 
together with the results of the test in 
subjects in whom fever was induced by 
means of typhoid vaccine. 

In the recent literature on liver function 
tests in malaria there are a number of 
studies in therapeutic as well as natural 
malaria. Most of them deal with P. vivax 
infections. Bromsulphalein retention has 
been reported both during and after in- 
duced malaria for the treatment of central 
nervous system syphilis?*> and also in 

* Present address: 
sylvania, Philadelphia, Pennsylvania. 


7, 8S. Army Medical Corps in India) 


natural malaria.**® Other evidences of 
hepatic dysfunction have likewise been 
reported; these include a diminished hip- 
puric acid excretion,®*-* a decrease in total 
cholesterol’ and its esterified fraction,° 
positive cephalin flocculation tests,?*°* 7-1 
an increase in serum bilirubin?*® and an 
increase in urobilinogen excretion.” 


Procedure. The 33 subjects were Chinese 
soldiers in the India-Burma theater. Each of 
them had a positive smear for P. falciparum 
malaria. The bromsulphalein test was per- 
formed in all cases while the patient was 
febrile, immediately before instituting treat- 
ment. After therapy was begun, tests were 
performed at intervals of 1 to 2 days until 
retention of dye no longer was demon- 
strable. In a few cases in whom relapses 
were expected, it was possible to perform 
the test during the afebrile period imme- 
diately preceding the next bout of fever. 

The antimalarial drugs used were atabrine 
dihydrochloride, administered intravenously 
or intramuscularly, and SN 6911 bisulphate 
intravenously. SN 6911 administered intra- 
venously and atabrine administered intra- 
venously or intramuscularly are equally ef- 
fective in terminating fever and parasitemia 
in the average case of P. falciparum malaria. 
When used intravenously, the 0.6 or 0.8 gm. 
dose of atabrine was dissolved in distilled 
water (0.2 gm. per 10 ce.) and the resulting 
solution placed in 1000 ce. of physiologic 
saline solution. This preparation, freshly 
made, was then administered by intravenous 
drip over a period of 3 to 4 hours. A dose 
of SN 6911 bisulphate (0.64 gm.) equivalent 
to 0.6 gm. of the base was dissolved in 
1000 ce. of physiologic saline and adminis- 
tered in the manner similar to that used 
for atabrine. When atabrine was given 
intramuscularly, the desired dose (0.4 to 


Gastro-intestinal Section, Medical Clinic, Hospital of the University of Penn- 
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0.6 gm.) was dissolved in distilled water 
(0.2 gm. in 10 ee.) and one-half the total 
amount injected into each buttock. The 
amount of bromsulphalein injected was cal- 
culated on the basis of 5 mg. per kilo of 
body weight and the test sample was taken 
from the opposite arm 30 minutes after the 


injection. The mean weight of the subjects 
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whether or not dye retention could be pro- 
duced by artificially induced fever, the test 


was performed before, during and after 


induction of fever by the injection of 1 cc. 
of triple typhoid vaccine (50,000,000 organ- 
Indian strain 


isms, in apparently normal 


individuals. 


PraBLe 1 CLINICAL AND THERAPEUTIC DATA ON THE CASES ON WHOM THE BROMSULPHALEIN 
Tests WeRE Done 
Day on which 
Before treatment Day of disease smear first 
. on which Amount of became nega- 
Case Degree of Degree of treatment drug Route of tive after day 
No parasitemia splenomegaly, was given Type of dr gm.) administration of treatment 
l 2 0 3 A * 0.6 I.V. 2 
9 1 3 4 A 06 I.M. ] 
3 l l I A 0.8 af 2 
2 1] 0.6 2 
5 2 l 4 A 0.8 EY. 2 
6 3 3 8 A 0.6 I.M. 2 
7 2 0 4 4 0.5 I.M. 2 
8 2 l 4 At 0.4 I.M. 2 
9 5 SNt 0.6 I.V. 1 
10 2 1 8 SN 06 L.V. 3 
11 2 1 3 SN 0.6 A.V. 3 
12 2 0 2 SN 0.6 LV. 3 
13 0 3 A I.M. 
14 3 l 1 SN 0.6 L.¥. 3 
15 2 1 2 SN 0.6 I.V. 2 
16 3 ] 2 A 0.4 I.M. 2 
17 1 1 1 A 0.6 LW. 1 
18 2 3 2 A 0.4 I.M. 2 
19 2 0 2 A 0.4 I.M. 2 
20 2 0 2 A 0.4 I.M. 2 
21 | 0 6 A 1.0t I.M. 2 
22 3 0 3 SN 0.6 I.V. 4 
23 1 1 3 SN 06 I.V. 2 
24 l 1 S SN 0.6 I.V. 1 
25 l 0 4 SN 0.6 Baws 2 
26 l l 5 SN 0.6 iv. 2 
27 2 0 4 SN 0.6 a¢ 2 
IK ] ] 3 A l 
29 2 0 3 4 0.8 [.V. 2 
30 l 0 2 A 0.4 I.M. 2 
sla 2 0 3 A 0.6 yy. 2 
31b 2 0 { A 1.0t I.M. 5 
32a 3 1 4 SN 06 I.V. 3 
32b 1 1 1 A 1.0t I.M. 3 
33a 4 | 4 SN 0.6 L.¥. 3 
33b l SN 0.6 2 
* A, atabrine dihydrochloride. 
+ SN, SN 6911 base. 
t 0.4 gm. on Ist day, then 0.2 gm. daily for 3 days. 
was 56.3 (range 47 to 68.1) kilos. The Resutts. There was retention of 


standards used were prepared on the basis 
of the 5 mg. of bromsulphalein per kilo of 
body weight test dose. Daily thick smears 
for malaria parasites were made, examined 
and graded on the basis of +1 (rare to few), 
+2 (moderate number), +3 (many), +4 
(loaded). Oral temperatures were taken at 
+ hour intervals. In order to determine 


bromsulphalein during the febrile period 
in all 36 attacks of malaria in 33 subjects. 
The retention ranged from 5 to 50% and 
averaged 16.6°%. It disappeared in 23 of 
the 36 attacks within 96 hours, and in 
9 attacks within 96 to 192 hours after 


the institution of therapy. In the remain- 


MACHELLA: P. 


ing 4 attacks, which were associated with 
mild scleral icterus (Cases 8, 11, 22 and 
27), the retention decreased but did not 
clear up entirely during the 8 days ob- 
servation period following therapy (Tables 
| and 2, Fig. 1). The average duration 
of fever after the institution of therapy 


TABLE 2.—RESULTS OF THE BROMSULPHALEIN 
‘Temperature in Duration of 
° F. at time of fever in 
test immediate], hours after 
Case before instituting beginning 
No, treatment treatment 
1 103 .2 16 
2 102.2 20 
3 104 2 36 
4 104 2 32 
5 103.8 32 
6 103 2 16 
7 104.8 36 
105 5 28 
y 105.5 16 
10 104.5 12 
11 105 O 20 
12 103 5 24 
13 105.0 S4 
14 104 2 SO 
15 104 2 28 
16 104.0 40 
17 104.0 28 
18 103 5 20 
19 103.5 36 
20 101 2 24 
21 105 2 16 
22 105 2 40 
23 102.5 36 
24 103.5 16 
25 104.2 32 
26 105.5 32 
27 105 2 72 
28 104.0 16 
29 , 103 2 24 
30 ‘ ‘ 104 0 36 
. 104.2 24 
31b 101 2 20 
32a 106.0 36 
326 105.0 12 
33a 104.0 64 
33b 102 5 40 


Cases 8, 11, 22 and 27 had evidence of mild jaundice. 


retention of dye before they became febrile. 


was 31.7 (range 12 to 84) hours. The 
smear in the average case was negative 
on the 2.1 (range 1 to 5) day. Thus the 
dye test became negative 47.6 (range 8 
to 152) hours after the fever subsided. 

In 6 instances bromsulphalein tests were 
performed before, during and after mala- 
rial fever. The pre-fever test was possible 
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because in each case a recent attack of 
malaria had been treated with an inade- 
quate amount of atabrine, and the patient 
was being retained in the hospital in 
expectation of a recurrence. 
316, 32a and 336 had no retention before 
they became febrile. In 3 other patients, 


Cases 12, 25, 


Test BerorRE AND AFTER TREATMENT 


Bromsulphalein retention (%) 
After treatment 


Immediately Time in days 


before 
treatment | 2 3 4 5 6 7 8 
15 5 0 
0 
15 ; 5 0 0 
35 20 10 5 0 
50 20 Ss 0 
10 0 
20 5 0 
28 ba 5 10 5 
12 or 0' 
15 0 
15 10 5 5 3 
7 
25 20 10. 5 0 
35 5 0 O 
15 10 2 0 
12 10 10 0 
5 0 
10 5 0 
15 10 5 0 
10 0 
22 10 5 0 0 
30 20 13 10 10 7 11 8 5 
15 8 5 0 0 
10 15 10 5 0 
8 0 0 
5 0 
50 50 50 50 20 .. 15 5 
10 5 


0 0 0 0 


10 5 0 0 


25 15 

15 5 0 
20 7 0 0 

0 

0 

15 6 0 
5 0 


Cases 12, 25, 31b, 32a, 32b and 33b had no 


Cases 10, 13 and 24, a retention of 2, 3 
and 5% was observed when the test was 
performed during the onset while the daily 
temperature undulations were low (98.6 
to 100.5° F.). Subsequently when the 


fever became higher (103.5° to 105° F.) 
the retention increased to 15, 25 and 10% 
The observations on the 


respectively. 


| 
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above 9 cases demonstrated that dye re- 
tention was absent before, slight while 
the fever was low, and more marked after 
the malarial fever became well established. 

The degree of dye retention in the 
average case appeared to depend on the 
severity of the infection as Judged by the 
length of time the patient had had fever 
prior to receiving therapy as well as by 
the length of time it took for the tem- 
perature to become normal after institu- 
tion of treatment. The average dye re- 
tention in 19 cases who had fever for 1 
to 3 days was 13.8% (range 5 to 30) as 
compared to 21% (range 5 to 50) for 


tion in the former group (23 attacks) was 
18.3° (range 6 to 50) as compared to 
14% (range 5 to 50) in the latter (13 at- 
tacks). There appeared to be no correla- 
tion between the degree of dye retention 
and the presence or absence of splenome- 
galy, anemia or the speed at which the 
parasites disappeared from the peripheral 
blood after treatment was started. 

In the 3 subjects in whom fever was 
induced artificially by means of typhoid 
vaccine, the test revealed no dye reten- 
tion on the day prior to induction of fever. 
During the height of the fever, retention 
of 15 to 20% occurred in all 3 instances. 
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Fic. 1.—A comparison of the dye retention curves reveals a more prolonged period of dye retention 
in Case 27 who had scleral icterus prior to institution of therapy. Treatment in both cases was admin- 


istered on day (QO). 


4 similar prolonged period of dye retention was also observed in Cases 8, 11 and 22 


lable 2) who had scleral icterus but in whom the fever subsided more promptly in response to therapy 


than in Case 27. 


Fic. 2 \ comparison of the dye retention curves reveals that the test became negative more promptly 


in Case 4 than in Case 14. Case 4 had a less severe infection as judged by a more prompt subsidence 


of fever in response to therapy which was instituted on day (O) in both instances. 


17 cases who had fever for 4 or more days. 
In the 11 cases who had retention of 20% 
or more, the average duration of fever 
after the beginning of therapy was 43.2 
(range 16 to 84) hours as compared to 
26.7 (range 12 to 64) hours for the re- 
mainder who had 15% or less (Table 2, 
Fig. 2). There was no remarkable cor- 
relation between the degree of dye reten- 
tion and the height of fever prior to 
therapy in individual cases, although the 
average dye retention in cases with tem- 
peratures of 104° F. or more was slightly 
greater than in those with temperatures 
less than 104° F. The average dye reten- 


The period of induced fever lasted 7 to 
9 hours. Tests, performed at 1 to 2 day 
intervals thereafter, revealed a gradual 
decrease in retention until it was no longer 
demonstrable on the 3rd to the 4th post- 
febrile day (Table 3, Fig. 3). 

CoMMENT. The following observations 
suggest that the dye retention observed in 
P. falciparum malaria is related to the 
fever: (1) retention was absent before 
fever occurred, slight during the low 
febrile state of the onset stage, more 
marked at the height of the fever, and 
disappeared within a few days after the 
fever subsided in response to therapy; 
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2) retention was more persistent in those 
whom the infection was more 
severe; (3) dye retention was produced 
by artificially induced fever in apparently 
normal subjects. 


cases in 


The demonstration of transient dye 
retention in all of our non-jaundiced mala- 
rial patients and of the failure of the dye 
test to become negative in cases with 
mild scleral icterus as promptly as in 
those without clinical icterus, indicates 
that most cases of malaria have a transient 
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vaccine. The period of fever lasted 8 hours. 
Fia. 4. 


versity of Pennsylvania Hospital. 


after discontinuing atabrine suppression treatment. 
The febrile spikes in the figure are the third and fourth of the attack. Antimalarial 


I. B. theater. 
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may exist because the liver becomes palp- 
able in a large percentage of cases of 
P. falciparum infection during the febrile 
stage. The enlargement disappears as 
the attack subsides. Central and mid- 
zonal atrophy or necrosis have been ob- 
served in the sections of livers of fatal 
cases.4 

In comparing the results reported in 
this communication with those of others, 
it should be kept in mind that our patients 
had natural P. falciparum malaria, that 


z 
‘ 
s \ 
| 
| 
| 
2 
Time pars 
Fic. 4 


Curve of dye retention in subject who had fever induced on day (O) by means of typhoid 


The fever curve and results of the bromsulphalein test in Case M. F., admitted to the Uni- 
The patient developed an attack of P. vivar malaria 4 months 


He presumably contracted the infection in the 


treatment was started at the height of the last febrile spike. The curves clearly show that the dye 


retention is greatest when the patient is febrile. 


They also show that when the amount of dye in the 


blood stream is determined 45 minutes after injecting the test dose, very little or no retention may 


be found when the 30 minute sample still shows retention. 


On the 10th postfebrile day (indicated by 


irrow), when the 30 minute blood sample showed a 2% retention and the 45 minute sample was nega- 


tive, the thymol turbidity (3.5 units) and flocculation (+2) tests were positive. 


The thymol tests 


rovided additional evidence that the disease process affecting the liver was still slightly active. 


mpairment of dye excretion, but that 
ome cases may have a more persistent 
mpairment. It may be that both groups 
have the same hepatic lesion but in dif- 
ferent degrees of severity. The develop- 
ment of moderately severe, non-hemolytic 
aundice has been noted in therapeutic 
nalaria'®’° and does occur in natural 
We have no evidence of the 
ature of the microscopic changes in the 
ver during an ordinary attack of malaria. 
t is logical to assume that some changes 


ialaria. 


the initial dye tests were performed while 
the patients were febrile, and that the 
amount of dye remaining in the blood 
stream 30 minutes after injecting the test 
dose was determined. Practically all of 
the reports in the literature on the brom- 
sulphalein test in malaria have been on 
induced or on relapsing P. vivax malaria. 
These are characterized by a different 
type of fever curve than that which oc- 
curred in our cases in whom the fever was 
of the sustained type and which, despite 
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above 9 cases demonstrated that dye re- 
tention was absent before, slight while 
the fever was low, and more marked after 
the malarial fever became well established. 

The degree of dye retention in the 
average case appeared to depend on the 
severity of the infection as judged by the 
length of time the patient had had fever 
prior to receiving therapy as well as by 
the length of time it took for the tem- 
perature to become normal after institu- 
tion of treatment. The average dye re- 
tention in 19 cases who had fever for 1 
to 3 days was 13.8% (range 5 to 30) as 
compared to 21% (range 5 to 50) for 


tion in the former group (23 attacks) was 
18.39 (range 6 to 50) as compared to 
14% (range 5 to 50) in the latter (13 at- 
tacks). There appeared to be no correla- 
tion between the degree of dye retention 
and the presence or absence of splenome- 
galy, anemia or the speed at which the 
parasites disappeared from the peripheral 
blood after treatment was started. 

In the 3 subjects in whom fever was 
induced artificially by means of typhoid 
vaccine, the test revealed no dye reten- 
tion on the day prior to induction of fever. 
During the height of the fever, retention 
of 15 to 20% occurred in all 3 instances. 
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Fic. 1.—-A comparison of the dye retention curves reveals a more prolonged period of dye retention 
in Case 27 who had scleral icterus prior to institution of therapy. Treatment in both cases was admin- 


istered on day (QO). 


A similar prolonged period of dye retention was also observed in Cases 8, 11 and 22 


lable 2) who had scleral icterus but in whom the fever subsided more promptly in response to therapy 


than in Case 27. 


Fic. 2 { comparison of the dye retention curves reveals that the test became negative more promptly 


in Case 4 than in Case 14. Case 4 had a less severe infection as judged by a more prompt subsidence 
of fever in response to therapy which was instituted on day (O) in both instances. 


17 cases who had fever for 4 or more days. 
In the 11 cases who had retention of 20% 


or more, the average duration of fever 


after the beginning of therapy was 43.2 
(range 16 to 84) hours as compared to 
26.7 (range 12 to 64) hours for the re- 
mainder who had 15% or less (Table 2, 
Fig. 2). There was no remarkable cor- 
relation between the degree of dye reten- 
tion and the height of fever prior to 
therapy in individual cases, although the 
average dye retention in cases with tem- 
peratures of 104° F. or more was slightly 
greater than in those with temperatures 
less than 104° F. The average dye reten- 


The period of induced fever lasted 7 to 
9 hours. Tests, performed at 1 to 2 day 
intervals thereafter, revealed a gradual 
decrease in retention until it was no longer 
demonstrable on the 3rd to the 4th post- 
febrile day (Table 3, Fig. 3). 

CoMMENT. The following observations 
suggest that the dye retention observed in 
P. falciparum malaria is related to the 
fever: (1) retention was absent before 
fever occurred, slight during the low 
febrile state of the onset stage, more 
marked at the height of the fever, and 
disappeared within a few days after the 
fever subsided in response to therapy; 
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2) retention was more persistent in those 
cases in whom the infection was more 
severe; (3) dye retention was produced 
hy artificially induced fever in apparently 
normal subjects. 

The demonstration of transient dye 
retention in all of our non-jaundiced mala- 
rial patients and of the failure of the dye 
test to become negative in cases with 
mild scleral icterus as promptly as in 
those without clinical icterus, indicates 
that most cases of malaria have a transient 
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may exist because the liver becomes palp- 
able in a large percentage of cases of 
P. falciparum infection during the febrile 
stage. The enlargement disappears as 
the attack subsides. Central and mid- 
zonal atrophy or necrosis have been ob- 
served in the sections of livers of fatal 
vases.* 

In comparing the results reported in 
this communication with those of others, 
it should be kept in mind that our patients 
had natural P. falciparum malaria, that 
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Fic. 3.—Curve of dye retention in subject who had fever induced on day (O) by means of typhoid 
vaccine. The period of fever lasted 8 hours. ; : . 
Fic. 4.—The fever curve and results of the bromsulphalein test in Case M. F., admitted to the Uni- 


versity of Pennsylvania Hospital. 
I. B. theater. 


retention is greatest when the patient is febrile. 


The patient developed an attack of P. vivaz malaria 4 months 
after discontinuing atabrine suppression treatment. 
The febrile spikes in the figure are the third and fourth of the attack. Antimalarial 
treatment was started at the height of the last febrile spike. 
They also show that when the amount of dye in the 


He presumably contracted the infection in the 


The curves clearly show that the dye 


blood stream is determined 45 minutes after injecting the test dose, very little or no retention may 


be found when the 30 minute sample still shows retention. 


On the 10th postfebrile day (indicated by 


irrow), when the 30 minute blood sample showed a 2% retention and the 45 minute sample was nega- 


tive, the thymol turbidity (3.5 units) and flocculation (+2) tests were positive. 


The thymol tests 


srovided additional evidence that the disease process affecting the liver was still slightly active. 


impairment of dye excretion, but that 
some cases may have a more persistent 
mpairment. It may be that both groups 
have the same hepatic lesion but in dif- 
ferent degrees of severity. The develop- 
nent of moderately severe, non-hemolytic 
aundice has been noted in therapeutic 
nalaria’®"° and does occur in natural 
nalaria. We have no evidence of the 
ature of the microscopic changes in the 
ver during an ordinary attack of malaria. 
t is logical to assume that some changes 


the initial dye tests were performed while 
the patients were febrile, and that the 
amount of dye remaining in the blood 
stream 30 minutes after injecting the test 
dose was determined. Practically all of 
the reports in the literature on the brom- 
sulphalein test in malaria have been on 
induced or on relapsing P. vivax malaria. 
These are characterized by a different 
type of fever curve than that which oc- 
curred in our cases in whom the fever was 
of the sustained type and which, despite 
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daily undulations, rarely dropped to nor- 
mal until the attack was terminated. In 
relapsing or in induced P. vivax malaria, 
the temperature curve is characterized by 
febrile spikes on alternate days, the inter- 
If the 
dye test is performed on an afebrile day, 
there is apt to be less dye retention than 


vening days being free of fever. 


when the test is performed during the 
febrile spike. Furthermore, if one deter- 
mines the amount of dye remaining in 
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reported by Lippincott and his associates.® 
An additional factor was their failure to 
differentiate significant low degrees of re- 
tention from those which they considered 
of no significance because similar values 
were found in their control subjects. 
Summary. Retention of injected brom- 
sulphalein dye was observed in cases of 
Retention 
was absent during the prefebrile stage, 


natural P. falciparum malaria. 


slight during the onset and moderate dur- 


PaBLeE 3.—BROMSULPHALEIN RETENTION BEFORE, DURING AND AFTER ARTIFICIALLY 
INDUCED FEVER 
Bromsulphalein retention (%) 
lime in days after day on 
Maximum oral Duration Before which fever was induced 
Case temperature of fever induction At height 

No attained hours) of fever of fever 1 2 3 4 
\ 101.0 s rf) 20 13 6 0 
B 101.6 7 0 15 10 5 0 

C ‘ 101 .2 9 0 15 10 tr. U0 

the blood stream 45 minutes after the ing the height of the fever. It disap- 


injection of the test dose on an afebrile 
day, there may be little or no retention, 
whereas a 30 minute test sample may 
show significant retention (Fig. 4). The 
determination of the amount of dye in 
the 45 minute sample of blood, 
as the performance of the test on 
days may be at least 2 of the factors 
responsible for the low incidence of posi- 
tive tests in relapsing P. vivax malaria 


as well 
afebrile 


peared in 2 to 3 days after the fever sub- 
sided in response to therapy. The greater 
dye retention was present in cases in 
which the fever was higher or had lasted 
a longer time, and in those who responded 
less promptly to therapy. The dye reten- 
tion was reproduced in apparently normal 
subjects by inducing fever by means of 


typhoid vaccine. 
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RHEUMATOID ARTHRITIS 
IV. HEMOLYTIC STREFTOCOCCUS PRECIPITIN REACTIONS* 
By ALLAN I). Watts, M.D. 


RESEARCH FELLOW IN ARTHRITIS 


PHILADELPHIA, 


PENNSYLVANIA 


From the Departments of Orthopedic Surgery and Physical Medicine, University of Pennsylvania) 


DISSATISFACTION with the obscurity of 
the rdle of the hemolytic streptococcus in 
the pathogenesis of rheumatoid (atrophic) 
arthritis has prompted a search of the 
patients’ sera for precipitins against vari- 
ous streptococcal fractions. Reports have 
appeared on reactions with the following 
as test antigens: nucleoprotein fractions 
designated “D”’ and the C-carbo- 
hydrate characteristic of Group A,** the 
same C-carbohydrate more highly puri- 
fied,!? crude extracts (by Lancefield’s heat 
and HCl method*) of streptococci of 
Group an alcohol-precipitable frac- 
tion from crude extracts of Group A® and 
crude extracts of Groups B through G.!* 
With all the various fractions of the 
Group A hemolytic streptococcus, rheu- 
matoid arthritis sera were found to react 
more strongly than did control sera from 
patients who had neither rheumatoid 
arthritis nor a recent streptococcal infec- 
tion. Testing arthritis sera against ex- 
tracts of other groups, Dawson and Olm- 
stead? noted occasional reactions which 
were regarded as lacking significance. 
They concluded that the “ precipitin reac- 
tions in rheumatoid arthritis sera are 
characteristic for Group A hemolytic strep- 
tococci.”” Chasis and McEwen! found a 
higher incidence of “cross-reactions” be- 
tween arthritis sera and extracts of groups 
other than A. These reactions they 
attributed to an antigenic constituent com- 
mon to the various groups. 

Recent observations" have cast doubt 
upon supposedly specific reactions in which 
the serum of this disease takes part. We 
have therefore reéxamined the foregoing 
experimental results and their interpreta- 
tions. Because they help to illuminate 


the behavior of rheumatoid arthritis 
serum, the precipitin reactions with crude 
extracts of streptococcal Groups B through 
G will be taken up first, with special 
attention to the saline control tube. The 
reactions of arthritis sera with Group A 
fractions will then be reévaluated. 


Materials. Bacteria and Culture Media. 
The Group A hemolytic streptococcus strains 
Tho and Atk were freshly isolated and ap- 
parently pathogenic. They were provided 
by the Laboratory of the Philadelphia Gen- 
eral Hospital. The Group B strain K151A 
was furnished by Dr. Stuart Mudd, and the 
Group C strain Hen and the Group D strains 
Cl and C745 by Dr. Ruth Miller. Dr. 
Rebecca Lancefield supplied the remaining 
strains: Group B, V8; Group C, K104; 
Group E, K131 and K129; Group F, F67 
and H127; Group G, D166B and F68A. 
We wish to thank all these donors. The 
media for keeping stock cultures and for 
growing organisms for extractions were 
those previously described."? The stocks 
were subcultured once in 3 months. 

Crude Extracts of Hemolytic Streptococci. 
Ten cc. of the tryptone glucose yeast-extract 
broth in a test-tube were inoculated with 
1 ce. of stock culture and the tube was 
placed in a water-bath at 37° C. The level 
of water in the bath was at about one-third 
the height of the broth, in order to speed 
convection currents. After 6 hours this seed 
culture was added to 500 ec. of the same 
broth in a 2 liter Erlenmeyer flask, which 
was (air) incubated overnight. The culture 
was then plated for purity. The bacteria 
were collected in the centrifuge and extracted 
by Lancefield’s* method (resuspended in 
10 ec. of N/20 HCI in saline; boiling water- 
bath 15 minutes; supernatant neutralized 
and precipitate discarded). ‘‘ Merthiolate”’ 
(sodium ethyl mercuri thiosalicylate, Lilly) 


* Aided by grants from the Charlotte Drake Cardeza Foundation of the Jefferson Medical College 


ind the National Foundation for Infantile Paralysis, Inc. 
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in final concentration 1:10,000 was added 
as preservative. 

C-substance, the Group-specific Carbohy- 
drate of Group A Hemolytic Streptococcus. A 
supply of this polysaccharide as prepared 
and purified by the method of Zittle and 
Harris was kindly provided by Dr. T. N. 
Harris, to whom our thanks are due. 


TABLE 2. 
Age of Group Group 
serum A i Saline 
Patient days) Tho D166B control 
1. Mat 52 oO ? oO 
Bar 51 + +4 
3. Wea 41 o + + o 
4. Cra 51 + 
». Mon 54 
6. Maz 52 rf) ? oO 
7. Kau 54 o 
8. Mor 54 o + oO 
9. Bru o fl tr 
10. Axl 44 +++ ++4 
11. Hop 54 ? fl tr o 
12. MeN 52 ? + + oO 
13. Cha 52 oO oO oO 
14. Vee 57 + ++ 
15. Has 56 
16. Hal 56 oO 
17. Har 56 fl tr + oO 
8. Fer 56 oO + + oO 


hese tests were centrifuged 


were incubated in a water-bath at 37° C. 
for 2 hours, refrigerated overnight, centri- 
fuged at 1700 r.p.m. for 10 minutes, and 
read. The stronger of the precipitates in 
each pair of antigen tubes is recorded. This 
was usually in the tube containing 0.2 ce. 
of antigen. 

For the tests recorded in Table 3,2 * 10-° 


PRECIPITATION OF CRUDE EXTRACTS oF Groups A AND G BY NON-ARTHRITIS SERA 


Age of Group Group Group 
G G 


Patient (days) Tho D166B F68A_ control 
19. Sel 56 ? + : °o 
20. Ste 56 fl tr 
21. Val 56 + + + o 
22. Spe 2 o ? o 
23. Kee + 
24. Rob 2 +4 
25. And 2 
26. Sty 2 + 3 o 
27. For 2 o + o 
28 Moe 2 Oo Oo o 
29. Nar ++ ++4+ 
30. Pri + +++ 
32. Cla 1 oO; 
33. Lan 1 + 
34. Tru o 
35. Hog l o 


or Group A Hemotytic STREPTOCOCCUS BY 


REPRESENTATIVE ARTHRITIS SERA 


Symbols as in Table 
TABLE 3.-- PRECIPITATION OF C-SUBSTANCE 

Anugen 
gamma Glo Gal Gre 
0.5 + 4+ 
0.05 t++4 

0 & vv f vy 
Antigen 
gamma McG Sel Lak 
0.5 00°?’ hhh hhh h 00” ovv 
0.05 ooo? vi ff t hhh + + + + ovfffht 

0 000?VVV?V hhhh hhh o?vvvff 


The Pay Szk 
+ vffvtt + oviff = + 
°ffftt + ofttt + + ovff ttt 
Har Hak Bat Haf 
0000 O00 000000 0000000 
oovi fff ooo? ? vf f tf 000000 0000000 
OOOVVVV 000000? ? ?y oooovt 0000000 


These tests were not centrifuged. The columns of symbols recorded for each serum represent readings at successive 
laily intervals beginning | day after the tests were set up. 


Interpretation of symbols: 
Visible only with reading glass: 


Without reading glass: 


oO = negative f = faint trace + = weakest visible 
” = doubtful t = trace + = next stronger 
v very faint trace h = heavy trace 


Sera. These have been described else- 
where.” Additional sera from patients with 
typical rheumatoid arthritis were obtained 
n the Dispensary of the Jefferson Hospital. 
[he donors of non-arthritis serum were free 
rom known recent hemolytic streptococcal 
nfection. 

Methods. Precipitation Tests. In the tests 
ecorded in Tables 1 and 2, each antigen 

as used in amounts of 0.2 and 0.05 ce. 
‘hese volumes were made up to 0.4 ce. with 

hysiologic salt solution. The saline control 
be contained 0.4 ec. of physiologic salt 
lution without antigen. One-tenth cc. of 
rum was added to each tube. The tests 


and 2 X 10-* dilutions of antigen were used. 
The procedure otherwise was as above 
through the overnight refrigeration. Daily 
readings without centrifugation were made 
by the method previously described.” 


EXPERIMENTAL. Precipitation with 
Crude Extracts of Groups Other Than A. 
The sera in Table 1 have been grouped to 
show that the positive reactions between 
arthritis sera and crude extracts of 
Groups B through F tend to be of an all 
or none character. A positive reaction 
with any of these groups is apt to be 


| 
| 
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accompanied by positives fn others. Fur- 
thermore, we wish to emphasize the fact 
that all are negative only when the saline 
control is frankly negative, as in the first 
1S sera. 

The sera numbered 26 through 29 illus- 
trate the relation of age of serum to the 
response in the saline control and hence 
to the reactions with extracts of Groups B 
through F. When tested early the reac- 
tions with saline and with bacterial ex- 
tracts were both negative. After the 
lapse of some weeks both were positive. 

Table 1 also shows that the reactions 
with extracts of Groups B through F not 
only tend to become positive when the 
saline tube is positive, but often show 
stronger positives than the latter. 

From Table 1 the following inferences 
may be drawn: 1. Rheumatoid arthritis 
sera do not precipitate with crude extracts 
of hemolytic streptococci of Groups B 
through F provided the saline control 
tube is frankly negative. 


2. When precipitation with saline oc-. 


curs, the precipitate with bacterial extracts 
is apt to be even stronger than with saline. 

The importance of these factors in inter- 
preting precipitin reactions involving rheu- 
matoid arthritis serum is obvious. In 
this connection, 2 generalizations become 
probable: 1. The precipitation of arthritis 
serum by saline may be enhanced by non- 
specific adsorption of a heterologous anti- 
gen. This could be mistaken for a genuine 
antigen-antibody reaction. 

2. By this mechanism of enhancement, 
a serum might appear negative in the 
saline control tube and weakly positive in 
the presence of heterologous antigen. 
Misinterpretation would be still more 
likely in this case. 

The high incidence of positive reactions 
between crude extracts of streptococci of 
Group G and arthritis sera loses signifi- 
cance in view of the frequency of positive 
reactions between these extracts and non- 
arthritis sera, shown in Table 2. Precipi- 
tins for Group G were not found in control 


sera by Dawson and Olmstead? or Chasis 


and McEwen,'! presumably because of 
differences in the strains used. 

Precipitation with Crude Extracts of 
Group A. The interpretation of the reac- 
tions between arthritis sera and crude ex- 
tracts of Group A as reported in the 
literature is complicated by the question 
of the response of control sera. Reports 
of the ability of control sera to precipitate 
crude extracts of Group A present conflict- 
ing evidence. Thus, there is | report’ of 
positive results in 24% of sera from 21 
normal persons; another,' 6 normal sera, 
all negative; another,’ 32 non-arthritis sera 
with strong precipitins only after strep- 


tococeal disease; and another,* 22 normal 
sera, all negative. The last-named tests 
alone were not centrifuged. Our own 
observations of centrifuged tests, shown 
in Table 2, are in agreement with the first- 
named, i. ¢., about one-quarter of indi- 
viduals who have neither rheumatoid 
arthritis nor a recent hemolytic strepto- 
coceal infection may be expected to have 
in their sera precipitins for crude extracts 
(of selected strains) of hemolytic strepto- 
cocci of Group A. 

Strain differences may account partially 
for the discrepancies in the reported results 
with control sera. Upon repeating the 
work of Neil and Hartung® on the reaction 
of rheumatoid arthritis sera with antigens 
precipitable by 3 volumes of alcohol from 
crude extracts we found that the same 
sera do not respond equally well with anti- 
gens prepared from different strains of 
Group A hemolytic streptococcus. Fresh- 
ly isolated pathogenic strains gave the 
strongest results. On 2 occasions, strains 
lost this reactivity after about 10 months 
as laboratory stocks. 

Comparison of the Group A columns in 
Tables 1 and 2 shows that, while some 
non-arthritis sera have greater ability to 
precipitate a crude Group A extract than 
some arthritis sera, arthritis sera generally 
have more potency in this respect than 


non-arthritis sera, even when the saline 


control tube is negative. 
Precipitation with C-substance of Grou} 
A. Although crude extracts of Group A 
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organisms contain C, the precipitates 
recorded in Table 2 are due to anti- 
bodies other than anti-C. The alcohol- 
precipitable antigen of Neil and Hartung*® 
has essentially the same serologic activity 
with arthritis and non-arthritis sera as its 
parent crude extract, but it contains no 
C, provided the original crude was pre- 
pared by the Lancefield’ HCl method. 
(When the crude is obtained by Fuller’s* 
hot formamide extraction of microérgan- 
isms, the 3-volume alcohol precipitate will 
contain some C. Formamide at 150° C. 
is a much more efficient agent for bacterial 
disintegration than N/20 HCl at 100° C., 
and 3 volumes of alcohol will precipitate 
some C from a solution rich in C, but not 
from one poor in C.) The absence of C 
in a 3-volume alcohol precipitate from a 
HCl] extract is shown by its failure to 
react with rabbit antiserum (Lederle) 
containing anti-C, prepared by immuniza- 
tion with the whole streptococcus. The 
C-substance can be precipitated from this 
alcohol supernate by the addition of an 
equal volume of acetone. When redis- 
solved in a volume of saline equal to that 
of its parent crude extract, its optimal 
zone for precipitation with rheumatoid 
arthritis serum is more than 40 times as 
dilute as that of the original crude extract 
as set up in Table 1. This indicates that 
the results shown in the Group A column 
of Table 1 are not due to anti-C. 
Rheumatoid arthritis serum tends to 
give a more delicate precipitate with the 
C-substance than with a crude extract of 
Group A. In estimating its ability to 
precipitate C we have resorted to the 
method used previously” for antibodies 
igainst a pneumococcus carbohydrate frac- 
tion. In this procedure, prolonged ob- 
ervation with special visual aids is 
ubstituted for centrifugation. Sera from 
6 patients with typical rheumatoid arthri- 
s were examined in this way. Character- 
tic results are shown in Table 3. All 
ne observed types of response are repre- 
‘nted in the table. It will be noted 
iat whenever precipitation occurred with 
ie antigen, the saline control tube failed 


to remain frankly negative, usually becom- 
ing positive within | day or 2. The pre- 
cipitate in the presence of C exceeded that 
in the saline control tube by 2 or more 
gradations in 12 sera (positive), by 1 
gradation in 7 sera (weakly positive or 
doubtful), and did not exceed in 7 sera 
(negative). Although the precipitation of 
arthritis serum in saline tends to increase 
with the age of the serum," this factor 
did not appear to exert a major influence 
on this experiment, as 8 of the 12 positive 
sera were not over 1 week old and the 
negatives included samples up to 83 days 
old. 

The non-arthritis sera which had pre- 
cipitated with a crude extract of Group A 
(Table 2) were set up against the same 
strengths of C as in Table 3. These were 
made in duplicate: 1 tube was centrifuged 
at 24 hours; the other was read with the 
reading glass daily for 9 days and then 
centrifuged. There was good agreement 
between the duplicate tubes. Only those 
sera which were positive upon centrifuga- 
tion at 24 hours showed precipitates in 
the prolonged observation, including the 
centrifugation at 9 days. These positives 
were 2 in number, from Patients 4 (Cra) 
and 26 (Sty). The remaining non-arthritis 
sera, which had given no precipitate with 
a crude extract of Group A, were then set 
up against the same amounts of C and 
centrifuged at 24 hours. All were negative 
with the exception of 2, which were weakly 
positive. Of the 15 non-arthritis sera 
which received prolonged observation with 
the reading glass, 13 had frankly negative 
saline control tubes. Particles resembling 
those frequently seen in arthritis sera oc- 
curred in the control tubes of Patient 4 
(Cra) (antigen tube positive on centrifu- 
gation) and Patient 29 (Nar) (antigen 
tube negative on centrifugation). 

SUMMARY OF EXPERIMENTAL RESULTS. 
With crude extracts of hemolytic strepto- 
cocci of Group A, precipitates are formed 
by some arthritis sera and by some non- 
arthritis sera. Both the incidence and the 
intensity of these precipitates are greater 
with the arthritis sera. 
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With purified C-substance of Group A, 
the discrepancy between arthritis and non- 
arthritis sera is greater, precipitates with 
the latter occurring much less frequently. 
However, positive reactions with arthritis 
sera are usually accompanied by a positive 
saline control. 

With crude extracts of streptococci of 
Groups B through F, arthritis sera do not 
give a visible reaction provided the saline 
control tube is frankly negative. The 
response of arthritis and non-arthritis sera 
to crude extracts of the 2 strains of 
Group G used in these experiments is 
comparable to the reactions with crude 
extracts of Group A. 

Discussion. Evidence has been pre- 
sented elsewhere” indicating that sera 
from patients with rheumatoid arthritis 
have the ability to enhance the action of 
normally present precipitins for a somatic 
carbohydrate of the pneumococcus. The 
occurrence of these precipitins in normal 
serum is attributable to the frequent 
presence of the pneumococcus in normal 
human throats. The same reasoning is 
applicable to the existence of Group A 
hemolytic streptococcus precipitins in nor- 
mal and arthritis sera and their enhance- 
ment in the latter. 

The human nasopharynx is probably the 
natural reservoir of the Group A hemolytic 
Surveying examinations 
made in different parts of the world, Hare® 
collected reports of 574 strains of hemo- 


streptococcus. 


lytic streptococci recovered in nasopharyn- 
geal cultures of 3102 presumably normal 
individuals. The strains which had been 
grouped were listed as follows: A, 216; 
B, 15; C, 84; D, 1; E, 0; F and G together 
(mostly G), 119; H, 27; K, 8. When the 
predominance of Group A strains in the 
normal nasopharynx is viewed in the light 
of the non-specific enhancing property" of 
rheumatoid arthritis serum, the conclu- 
sion of Dawson and Olmstead? that “ pre- 
cipitin reactions in rheumatoid arthritis 
sera are characteristic for Group A hemo- 
lytic streptococci” no longer connotes a 
streptococcal etiology for this disease. 

The incidence of precipitins in non- 
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arthritis sera makes the foregoing argu- 
ment more applicable to the reactions with 
crude extracts of Group A than to the 
reactions with the C-substance of Group A. 
To increase its plausibility in relation to 
the latter reactions, 3 lines of evidence 
may be cited: 

1. The C-precipitate is nherently less 
robust than the crude extract precip- 
itate, whether by arthritis or non-arthritis 
serum. This is probably due in part 
to its refinement, with the elimination 
of adsorbable protein impurities. The 
same explanation presumably accounts 
for the fact that precipitation of the 
nucleoprotein fractions D and K**® is 
stronger than precipitation of C. 

2. Precipitation of C by arthritis serum 
is more dependent on precipitation in the 
saline control tube than is crude extract 
precipitation by the same serum. This 
suggests that non-specific adsorption of 
antigen may play a part in these precipi- 
tates, once they have been initiated by 
feeble precipitins. 

3. The ability of arthritis sera to precipi- 
tate C, as reported by Dawson, Olmstead 
and Jost,* varies directly with their strep- 
tococcus agglutinin titers. The correlation 
is not perfect for individual sera, but the 
trend is unmistakable. As agglutinin titers 
decrease, C-precipitins (at best, positive 
in less than half the sera) fall off sharply. 
The authors interpreted this parallelism 
as an indication that a genuine antigen- 
antibody mechanism is operating. How- 
ever, the parallel can also be interpreted 
as the result of a non-specific enhancing 
property influencing both reactions. The 
same parallel occurs between streptococcus 
agglutinins and precipitins for crude ex- 
tracts of Group A.?* It is likely that other 
observers':? were guided, perhaps unin- 
tentionally, by this parallelism in selecting 
“representative” arthritis sera for the 
study of precipitins. 

Having the opinion’? that rheumatoi 
arthritis is not of streptococcal origin and 
at the same time confronted with ar 
apparent excess of anti-C in the patients 
sera, we have given serious consideratior 
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to the possibility that the disease process 
might produce in the patient’s tissues an 
abnormal substance which happened to 
be the antigenic equivalent of C. Because 
of circumstances which will be described in 
a subsequent paper, C would fit into such a 
concept with peculiar facility. However, 
this concept appears improbable in the 
light of the interpretation of precipitins 
presented above. 

Summary. The ability of rheumatoid 
arthritis serum to precipitate crude ex- 
tracts of Group A hemolytic streptococci 
appears to be due to an enhancement of 
the action of normally present antibodies. 
This enhancement can occur even though 
the saline control tube is negative. 
When the non-specific serologic enhancing 
power of arthritis serum is strong, render- 
ing the saline control tube actually or 
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potentially positive, precipitates may oc- 
cur with crude extracts of streptococci 
of groups other than A. These are inter- 
preted as being due to non-specific adsorp- 
tion of heterologous antigens. Both fac- 
tors, the enhancement of action of nor- 
mally present antibodies and the non- 
specific antigen adsorption, may be active 
in the precipitation of arthritis serum with 
the C-carbohydrate of Group A strepto- 
cocci, where normal precipitins are feeble. 
The apparent selectivity of rheumatoid 
arthritis serum for streptococci of Group A 
is attributable to the higher incidence of 
this group as inhabitants of the normal 
human nasopharynx. 

Conclusion. It is unlikely that the sera 
of patients with rheumatoid (atrophic) 
arthritis contain a genuine .excess of 
hemolytic streptococcus precipitins. 


This work was begun in the Laboratory of the Chestnut Hill Hospital, Philadelphia, under a grant 
from the Charlotte Drake Cardeza Foundation of the Jefferson Medical College. Our thanks are due 
, to Dr. Thomas Cope, Jr., Director of that laboratory 
for technical assistance. The work was completed at the University of Pennsylvania, under a grant 
from the National Foundation for Infantile Paralysis, Inc. The use of the facilities of the Harrison 
Department of Surgical Research and of the Departments of Anatomy and Bacteriology and the tech- 


, for his coéperation and to Mrs. Charlotte Sommer 
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V. THE AGGLUTINATION OF HEMOLYTIC STREPTOCOCCI*} 
By Attan D. Watuts, M.)). 
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PENNSYLVANIA 


From the Departments of Orthopaedic Surgery and Physical Medicine, 
University of Pennsylvania) 


Ir is well established that the sera of a 
large proportion of patients with typical 
rheumatoid (atrophic) arthritis of more 
than one year’s duration possess the ability 
to agglutinate selected strains of the Group 
A hemolytic streptococcus to a degree far 
in excess of normal sera. The reports on 
this topic have been summarized by Cecil 
and deGara.? There is general agreement 
that this ability bears a direct relation to 
the duration and intensity of the disease. 

It is therefore paradoxical that there 
should exist a large body of evidence 


against a streptococcal origin for rheuma- 


toid arthritis. This evidence has been 
summarized!! under three headings: 1. 
bacteriologic: the repeated failures to 
recover hemolytic streptococci from the 
blood of the patients; 2. clinical: the 
chronicity of the active stage of the 
disease, its tendency to symmetry, and 
the ineffectiveness of sulfanilamide and 
penicillin; and 3. serologic: the absence of 
antibodies against streptococcal hemolysin 
and fibrinolysin. 

The key to the solution of this dilemma 
appears to lie in the recent observation” 
that arthritis sera which possess high 
agglutinin titers are also apt to have the 
ability to agglutinate suspensions of fine 
collodion particles, even though the par- 
ticles have not been sensitized by exposure 
to an antigen. This phenomenon is prob- 
ably a non-specific flocculation analogous 
to such reactions as the Takata-Ara and 
cephalin-cholesterol. It appears to be 
related to the non-specific serologic en- 
hancing property which enables rheuma- 
toid arthritis serum to exaggerate the 
action of normally present precipitins for 
pneumococcus™ and streptococcus" frac- 
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tions and normally present agglutinins for 
the non-encapsulated pneumococcus.” 
~The purpose of the present paper is to 
suggest that the same mechanism is re- 
sponsible for the potency of rheumatoid 
arthritis sera in agglutinating hemolytic 
streptococci. 

Aside from any non-specific flocculating 
power of the serum, two factors exert an 
influence upon a reaction of this sort, 
namely 1. the inherent tendency of the 
test-suspension to agglutinate and 2. the 
presence in the serum of antibodies which 
would specifically initiate agglutination. 
Both factors play a part in the agglutina- 
tion of hemolytic streptococci by the 
serum of rheumatoid arthritis. 

1. In the recorded observations of strep- 
tococcus agglutination by arthritis serum 
most of the strains of bacteria which have 
been used have been selected for. their 
agglutinability. A few favorite strains, 
lent by one laboratory to another, have 
reappeared frequently in the reports of 
different observers. Strains selected at 
random have often been unsatisfactory. 
It must be pointed out, however, that the 
question of individual strain-agglutina- 
bility has no important bearing on the 
specificity or non-specificity of agglu- 
tination. 

2. There are ‘indications that the sera 
of many normal individuals contain some 
antibodies directed against hemolytic 

Precipitins for 
crude extracts of organisms of this group 


streptococci of Group A. 


(a less sensitive test than agglutination of 
the intact organisms) have been re- 
ported® in the sera of about 25% of 
persons who have neither rheumatoid 
arthritis nor a recent hemolytic strepto- 
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t Presented in part before the American Rheumatism Association, New York, May 24, 1946. 
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The existence of these 
precipitins has been attributed to the 
function of the normal human _naso- 
pharynx as a natural reservoir for Group A 
streptococci. Streptococcus agglutinins 
of weak to moderate strength have been 
found in the sera of normal people**!° and 
of patients with a wide variety of diag- 
noses other than rheumatoid arthritis or 
streptococcal infection.© The incidence 
and strength of these antibodies led Daw- 
son, Olmstead and Boots® to postulate a 
final serum dilution of 1:160 as the lowest 


coccus infection. 


acceptable as significant in the interpre- 
By 
their criteria a titer of 1:20 or less is “‘nega- 
1:40 or 1:80 “doubtful” and 1:160 
or higher “positive.” A final serum dilu- 
tion of 1:20 has been the lowest used by 
The use of lower dilu- 
tions would presumably reveal the exist- 
ence of agglutinins in a still higher per- 
centage of normal persons. 

Proof that rheumatoid arthritis is not 


tation of results with arthritis serum. 


tive,” 


most observers. 


accompanied by a genuine excess of hemo- 
lytic streptococcus agglutinins would be 
difficult because it would be the, proof of 
a negative. 
which 


The experimental observa- 
follow are recorded for the 
suke of helping to clarify the relationship 
hetween the streptococcus-agglutinating 
and the collodion-agglutinating abilities 
of rheumatoid arthritis serum. 
Experimental. In experience, 
successive batches of collodion particles 
prepared by the method of Cannon and 
Marshall,' are apt to vary in stability and 
agglutinability. In final serum dilutions 
starting at 1:20, most normal sera gave no 
agglutination of the collodion particle 
In fact, the suspensions were 
more stable with normal serum than with 
physiologic salt solution. Infrequently a 
“normal” human serum was encountered 
with a titer of 1:20. Controlling each 
batch of particles with normal human 
serum and with potent arthritis serum, we 
have found that agglutination of collodion 
particles is not produced by scarlet fever 
convalescent serum (Group A hemolytic 
agglutinin titer, against 


tions 


suspension. 


streptococcus 


strain NY5, 1:320) or by rabbit antiserum 
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(Lederle) aroused by immunization with 
intact Group A_ hemolytic streptococci 
(streptococcus agglutinin titer, 1:640). 
This indicates that the agglutination of 
collodion particles by rheumatoid arthritis 
serum is not accomplished by specific 
action of antistreptococcal antibodies. 
The lack of correlation between these two 
agglutinating properties in individual ar- 
thritis sera has been previously reported.” 

Furthermore, preliminary complete ex- 
haustion of hemolytic streptococcus agglu- 
tinins in an arthritis serum by absorption 
with the intact organism usually reduced 
but did not abolish the ability of the serum 
to agglutinate collodion particles. In a 
typical experiment, an absorbed arthritis 
serum had a collodion titer of 1:40 while 
an unabsorbed aliquot simultaneously had 
a titer of 1:320. We interpret this to mean 
that a portion of the collodion-agglutinat- 
ing factor was non-specifically adsorbed 
out during the streptococcus agglutination. 
(Reversing this procedure, preliminary 
adsorption with collodion particles de- 
creased the hemolytic streptococcus agglu- 
tinin titer of an arthritis serum from 1 :640 
to 1:160.) 

Preliminary absorption with non-encap- 
sulated pneumococcus (strain I-192-R), 
Staph. albus or Strep. viridans likewise 
tended, though not as consistently, to 
decrease the ability of arthritis serum 
to agglutinate collodion particles. The 
greater potency of the hemolytic strepto- 
coccus strain (NY5) as a_ non-specific 
adsorbent is presumably related to its 
notorious agglutinability. 

Discussion. We visualize the relation 
between the ability of an arthritis serum 
to agglutinate: a, hemolytic streptococci of 
Group A; and 6, collodion particles as 
follows. The former ability depends on 
how long and how recently the patient has 
harbored Group A streptococci; the latter 
depends chiefly upon the severity and 
duration of his arthritis. Either, there- 
fore, could exist without the other. When 
both are present, either will enhance the 
action of the other, but the enhancing 
effect of the latter on the former is pre- 
sumably stronger than the reverse, because 


the enhancements are apparently non-spe- 
cific and the fraction responsible for collo- 
dion agglutination appears to exceed quan- 
titatively the streptococcus agglutinins. 

Most of the reported observations on 
the agglutination of hemolytic streptococci 
by rheumatoid arthritis sera have been 
made with organisms of Group A. Using 
organisms of Groups B through G, Dawson 
and Olmstead? found that “significant” 
agglutination was infrequent, according to 
their criterion that a titer of 1:160 is the 
minimal “‘positive,’’ with the proviso that 
agglutination must be stronger in the lower 
than in the higher dilutions. They ob- 
served further that “‘control sera from a 
variety of diseases agglutinated organisms 
other than those of Group A to approx- 
imately the same degree as did rheumatoid 
arthritis sera,’ and concluded that the 
“agglutination reaction in rheumatoid 
arthritis sera is one which is highly char- 
acteristic of Group A hemolytic strepto- 
cocci.”’ This conclusion can be reconciled 
with our thesis that streptococcus agglu- 
tination by arthritis serum is explicable 
as an exaggeration of the action of nor- 
mally present antibodies by pointing out, 
us was done" in the case of streptococcal 
precipitins, that among hemolytic strepto- 
cocci, those of Group A are by far the 
commonest inhabitants of the normal 
human nasopharynx. 

In a previous paper™ it has been noted 
that the collodion-agglutinating factor in 
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rheumatoid arthritis serum, which is 
apparently related to the non-specific 
serologic enhancing power of the serum, 
resides in the globulin fraction and that 
hyperglobulinemia is characteristic of 
The relationship 
between altered serum proteins and non- 


rheumatoid arthritis. 


specific phenomena analogous to collodion- 
particle agglutination is well established. 
An elevated serum globulin (or more 
accurately, a reversal of the albumin- 
globulin ratio) has been found responsible 
for the colloidal gold,’ Takata-Ara,’ ceph- 
alin-cholesterol® and formolgel reactions. 

Summary. The occurrence of relatively 
feeble agglutinins for the Group A hemo- 
lytic streptococcus in the sera of normal 
individuals is attributed to the function 
of the normal human nasopharynx as a 
natural reservoir for this organism. In 
the presence of rheumatoid arthritis, the 
action of these antibodies appears to be 
enhanced, in a non-specific manner, by a 
peculiar property of the serum. This 
property is apparently related to the 
ability of arthritis serum to agglutinate 
suspensions of fine collodion particles. 

Conclusion. The weight of evidence 
indicates that the increased ability of the 
sera of patients with typical rheumatoid 
(atrophic) arthritis to agglutinate selected 
strains of hemolytic streptococcus of 
Group A is due to a non-specific enhance- 
ment of the action of normally present 
agglutinins. 


This work was begun in the Laboratory of the Chestnut Hill Hospital, Philadelphia, under a grant 
from the Charlotte Drake Cardeza Foundation of the Jefferson Medical College. Our thanks are 
due to Dr. Thomas Cope, Jr., Director of that laboratory, for his cooperation and to Mrs. Charlotte 
Sommer for technical assistance. The work was completed at the University of Pennsylvania, under 
a grant from the National Foundation for Infantile Paralysis, Inc. The use of the facilities of the 
Harrison Department of Surgical Research and the technical assistance of Mrs. Ellen Powell are 


gratefully acknowledged. 
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DwurinG the past decade or so unusually 
encouraging progress has been made in 
the surgical and medical management of 
acute and chronic pulmonary disease. 
Through an intelligent and prompt utiliza- 
tion of new and sperfected therapeutic 
techniques and measures we are now able 
to offer a favorable prognosis for survival 
and hope for cure in many pulmonary 
diseases which were previously considered 
inevitably fatal or doomed a patient to 
chronic invalidism eventual death. 
Unwarranted delay, unfortunately, or 
actual failure to establish the correct 
diagnosis have only too often deprived 
many patients of the benefits of successful 
therapeutic intervention in pulmonary 
conditions which are amenable to existing 
and available remedial measures. On 
occasion, the most astute clinicians are 
unable to solve some of the more difficult 
diagnostic problems even after careful 
and prolonged competent study. This 
situation is to be expected and excused, 
but there is no apology for ignorance or 
failure to utilize all existing and available 
‘linical and laboratory diagnostic aids in 
onducting an investigation of a pulmo- 
\ary disease process. It is the purpose of 
his manuscript to catalogue and discuss 
VOL. 213, No. 1 


and 


JANUARY, 1947 


briefly those clinical and laboratory pro- 
cedures which, if applied intelligently, will 
help establish accurately and without 
undue delay the correct diagnosis in con- 
ditions involving the lungs. No real ef- 
fort will be made to evaluate the relative 
importance of the various procedures inen- 
tioned below, as it is felt that the real 
value of each depends upon its timely 
utilization and correct interpretation in 
the light of all other available facts in 
each individual case. 

I. History and Physical Examination. 
A. Routine History. (1) chief com- 
plaint; (2) history of present illness; (3) 
system review; (4) past history; (5) family 
history; (6) marital history; (7) social 
history. Logical investigation of each 
case should begin with a brief clear state- 
ment of the patient’s chief complaint fol- 
lowed by a detailed and accurate history 
obtained in a friendly and leisurely man- 
ner in the sequence outlined above. The 
final recorded story of the illness should 
be an integrated simple word picture of 
the information supplied spontaneously 
by the patient to which has been added 
the examiner’s objective observations. 
Each symptom requires careful evalua- 
tion, but the differential characteristics of 
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those which are especially referable to the 
lungs deserve painstaking study and cor- 
related interpretation. Particular em- 
phasis should be placed on such symptoms 
and observations as cough, sputum, hem- 
optysis, dyspnea, orthopnea, wheezing, 
cyanosis, pain in the chest, hoarseness, 
fever, chills, loss of weight, nature of onset 
and progress of the illness, seasonal, di- 
urnal, climatic and geographic variations, 
relation to previous illness, and method 
of obtaining relief. Any or all of these 
symptoms and observations when present 
require careful quantitative and qualita- 
tive evaluation of their characteristics so 
that to each may be assigned its rightful 
significance in the over-all clinical picture. 

For example, the symptom cough, unless 
analyzed carefully and its special charac- 
teristics assessed properly, will have no 
significant value in helping to establish a 
correct diagnosis. On the other hand, if 
the differential characteristics of each 
symptom and observation are evaluated 
with diligence, the correct diagnosis is 
suspected or established in many instances 
while the integrated history of the present 
illness is being recorded. The history of 
the present illness should not be recorded 
in final form until the physician has con- 
ducted a detailed system review. This 
procedure affords an opportunity for the 
examiner to ask questions which may un- 
earth additional pertinent facts for in- 
corporation in the history of the present 
illness, or to reémphasize the true sig- 
n ficance of previously obtained informa- 
tion. The patient’s negative or affirma- 
tive reply to a simple routine question in 
the system review, which on the surface 
seems entirely unrelated to the respiratory 
organs, may frequently supply the missing 
link in a difficult diagnostic problem. 

All too frequently the existence of acute 
or chronic pulmonary disease masquerades 
behind a curtain of such bizarre sympto- 
matology that even the most experienced 
examiner is often misled and completely 
ignorant of the true nature of the disease 
after the history of the present illness and 
system review have been carefully ob- 
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tained. In these instances the true nature 
of the disease process may be clarified or 
suspected while obtaining the past history 
of the patient. Pulmonary tuberculosis, 
bronchiectasis, and other chronic pulmon- 
ary diseases such as fungus infections may 
be suggested by a past history of recurrent 
pleurisy, frequent colds and influenza, re- 
current and frequent pneumonia with 
atypical courses, periodic loss of weight 
and energy without obvious reasons, and 
recurrent bouts of fever and night sweats 
of undetermined origin. A recent history 
of an operative procedure such as a ton- 
sillectomy or tooth extraction, or any 
localized or generalized infection of the 
mouth, tonsils, nasal and oral pharynx 
may focus attention on the possibility of 
a lung abscess, while a history of amebic 
dysentery in the past may actually suggest 
the etiologic agent responsible for the 
pulmonary lesion. Pulmonary embolism, 
infarction and metastatic abscesses may 
be suspected if the examiner obtains a 
history of phlebothrombosis, thrombo- 
phlebitis, recent fracture, or severe local- 
ized or generalized systemic infection. 
The history of a childhood illness compli- 
cated in its convalescent stage by pneu- 
monia or a prolonged cough should invite 
the consideration of bronchiectasis as the 
diagnosis. Pulmonary abscess, bronchi- 
ectasis, and chronic pneumonitis should 
be considered when one elicits a history 
of esophageal stricture, carcinoma or 
-ardiospasm. The history of the pro- 
longed use, of oily nose drops and oily 
vathartics requires the inclusion of lipoid 
pneumonia in the differential diagnosis. 
Recent intense radiation therapy of a 
lesion in the region of the thorax should 
lead one to suspect radiation pneumon- 
itis,!?.28.35.44 This complication is especially 
frequent following Roentgen ray therapy 
for carcinoma of the breast. These are 
but a few examples of the obvious value 
of a carefully obtained past history. 

The strictly personal elements in a 
patient’s history frequently acquire added 
significance when interpreted in the light 
of the family and marital history. This 
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is especially true of contagious diseases 
such as pneumonia and tuberculosis or 
when a hereditary tendency is uncovered 
to support the possible diagnosis of asthma 
or cancer. In obtaining the family history 
the examiner should not accept unequivo- 
cally the patient’s proffered diagnosis of 
familial illnesses. He should attempt to 
confirm all diagnoses supplied by the pa- 
tient, especially those which may influence 
the ultimate decision in the case. This 
objective may be attained by ascertaining 
and evaluating the signs and symptoms 
personally or by obtaining the information 
directly from the physician who estab- 
lished the diagnosis in question. Unless 
extreme caution is exercised in this respect, 
many serious errors will be committed in 
the name of good medicine. Investigation 
of every diagnosis in this fashion will 
prove many to be misleading and still 
others to be completely erroneous. On 
the other hand, patients will conceal well- 
established and unquestionable diagnoses 
in order to avoid what they consider a 
social onus. This vexing problem is espe- 
cially true of pulmonary tuberculosis. 

Finally, the examiner should obtain the 
patient’s social history. Such pulmonary 
diseases as silicosis, asbestosis, byssinosis, 
anthracosis, bagassosis and arc-welder’s 
disease may be suspected from the pa- 
tient’s occupation. Geographic considera- 
tions may necessitate the inclusion of coc- 
cidioidomycosis, echinococeal disease and 
other conditions in the differential diag- 
nosis. Psittacosis should be included in 
the differential diagnosis of patients ex- 
posed to members of the parrot family, 
pigeons and fowl known to harbor the 
responsible virus. In general, all per- 
sonal habits which may be of significance 
in the final analysis of the case should 
be noted carefully. 

An orderly correlated history obtained 
in this fashion will suggest the diagnosis 
in many instances before the physical ex- 
amination or any other procedures are 
completed. In a substantial number of 
cases, however, the examiner will be dis- 
tressed at the apparent lack of assistance 


gained from even the most assiduously 
recorded history. No matter how often 
this unfortunate situation occurs, the 
physician must never consciously lower 
the recognized standards of a satisfactory 
history. As it so often happens, the first 
manifestation of carelessness will be re- 
warded by a missed diagnosis. Those of 
us who have experienced this pitfall in the 
past will never again be satisfied with an 
abbreviated record of a patient’s illness. 
The apparent bonanzas of short cuts to 
diagnoses have a notorious habit of back- 
firing at the wrong time to the complete 
embarrassment of their would-be benefi- 
ciaries and to the detriment of the unfortu- 
nate guinea pig patient. This latter ob- 
servation applies with equal significance 
to all elements of the patient’s examina- 
tion; history, physical and laboratory. 
The physician, not the clerical helper or 
nurse, should obtain the history. 

B. Puystcat Examination. A routine 
physical examination of the patient sus- 
pected of suffering from pulmonary dis- 
ease must be performed in each case. No 
matter how incontrovertibly the evidence 
in the patient’s history points to a pul- 
monary disease, omission of the slightest 
detail in the routine physical examination 
is fraught with danger. In general, the 
physical findings will confirm or disprove 
the impressions gained from the patient’s 
clinical history. Quite often a routine 
examination will reveal significant physi- 
cal findings in an organ, or organs, other 
than the one to which the history has 
directed the examiner’s attention. Imag- 
ine the physician’s surprise when a 
disease process is located in the left lower 
lobe of the lung of a patient complaining 
of anorexia, nausea, vomiting, and epi- 
gastric pain. In this, and similar circum- 
stances, the examiner will find it necessary 
to supplement the original history with 
new and added information obtained by 
re-interrogation of the patient for the pur- 
pose of emphasizing symptoms referable 
to the organ involved. It is agreed that 
a majority of diseases involving the lungs 
are usually localized processes, but a sig- 


nificant minority are merely reflections 
in that organ of a more remote or sys- 
temic disorder. This very fact again em- 
phasizes the necessity of a complete 
physical examination even in those in- 
stances that on the surface do not seem 
to warrant such a detailed procedure. 
The discovery of phlebothrombosis or 
thrombophlebitis in an extremity will not 
only help establish a more accurate etio- 
logic background for pulmonary embolism 
and infarction but will also facilitate the 
institution of prophylactic measures to 
avoid further possibly fatal accidents. 
Dependent edema, venous engorgement, 
and a tender hepatic enlargement will 
incriminate the heart as the responsible 
organ rather than the lungs in a patient 
complaining of cough, blood-tinged spu- 
tum and dyspnea. The physical exam- 
ination in such instances serves to evaluate 
and correlate the clinical history. A dis- 
tant lymph node, a draining sinus, a skin 
lesion, or an enlarged prostate discovered 
by careful physical examination may re- 
veal the true nature of the pulmonary 
disease process when examined histopatho- 
logically or bacteriologically at the proper 
time. Such a simple observation as club- 
bing of the fingers and toes may lead to 
a suspicion, and subsequent confirmation, 
of pulmonary disease. It is fairly obvious 
from these foregoing remarks that a care- 
ful complete physical examination, not 
only of the lungs but of the entire body, 
is very important in confirming or dis- 
proving the existence of pulmonary dis- 
ease and, on occasion, will reveal a pre- 
viously unsuspected pulmonary lesion. 

II. Clinical and Laboratory Aids in the 
Diagnosis of Pulmonary Disease. When 
the history and physical examination are 
complete and correlated, the diagnosis is 
often apparent. There are, however, a 
significant number of pulmonary diseases 
which can be diagnosed only with the 
assistance of routine and highly special- 
ized clinical and laboratory diagnostic 
procedures. Familiarity with all of these 
procedures, nevertheless, is not only an 
essential part of the armamentarium of 
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those physicians who are interested espe- 
cially in diseases of the chest, but should 
be equally familiar to all engaged in the 
practice of medicine and its various spe- 
cialties. A working knowledge of these 
procedures will enable the physician to 
diagnose pulmonary diseases with greater 
frequency, rapidity and accuracy. In ad- 
dition, a realization of his own limitations 
will prompt him to offer the patient the 
benefit of more specialized consultation 
study if indicated. In general, all of the 
following diagnostic measures should be 
considered as secondary aids and utilized 
only after a complete history has been 
obtained and a thorough physical exam- 
ination has been performed. 

A. Hematotocic Stupres. It is a 
rather infrequent occurrence for routine 
hematologic studies to be of any signifi- 
cant value in establishing the diagnosis 
of pulmonary disease. A normal red 
blood count, or one manifesting some 
degree of anemia is of no particular im- 
portance. Both conditions may be found 
in innumerable pulmonary diseases. Poly- 
cythemia, on the other hand, may be a 
very significant laboratory finding. Its 
existence may not only help to confirm 
the diagnosis, but, on occasion, may call 
attention to underlying pulmonary dis- 
sase which was not suspected before 
examination of the blood. Erythrocyto- 
sis, when associated with pulmonary 
disease, usually signifies chronic oxygen 
lack and may accompany such clinical 
entities as Ayerza’s disease, emphysema, 
far-advanced cystic disease, or any other 
condition interfering with adequate oxy- 
genation of the red cells. It is a rather 
constant finding in pulmonary hemangi- 
oma (arteriovenous Eryth- 
remia or polycythemia vera is commonly 
accompanied by pulmonary signs and 
symptoms. The total white blood count 
and differential are useful in determining 
the existence and type of infection. For 
example, one may usually expect a nor- 
mal total white blood count with primary 
atypical pneumonia of undetermined eti- 
ology; on the other hand, a definite leuko- 
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cytosis with a left shift is rather typical 
of lobar or bronchopneumonia.? 
As a rule, however, the total white blood 
count and differential contribute only 
limited assistance in helping to establish 
specific diagnoses in pulmonary disease. 
It is true, nevertheless, that the finding 
of an eosinophilia may be the first clue 
to the correct diagnosis in such diseases 
as Loeffler’s syndrome, Hodgkin’s disease, 
or echinococeal disease involving the 
lungs.°*® Some degree of eosinophilia has 
been reported in silicosis, but the author 
does not believe that the total white 
blood count or differential is of particular 
diagnostic significance in this disease en- 
tity or in tuberculosis.2° When leukemic 
processes involve the pulmonary tissue, 
the total white blood count and differen- 
tial may be, and usually are, of concrete 
assistance. Aside from Hodgkin’s: disease, 
a study of the white blood cells does not 
contribute much to the diagnosis or evalu- 
ation of the other lymphomas.” Although 
it is true that the routine hematologic 
study of a patient is not too commonly of 
any real significance in the ultimate 
evaluation and diagnosis of pulmonary 
diseases in general, it should never be 
omitted because, in many instances, it is 
not only of real help but is practically 
diagnostic of certain conditions. Also, it 
must be remembered that a rising or 
falling total white blood count and a 
shifting Schilling count have the same 
prognostic value in pulmonary infections 
as they do in other infectious diseases. 

B. EXAMINATION OF THE URINE. AI- 
though the author does not recall any 
instances of pulmonary disease in which 
this examination was diagnostic, it should, 
nevertheless, continue to be a routine 
laboratory procedure because of its value 
in considering the differential diagnosis. 
In acute and chronic pulmonary diseases 
the urine could conceivably show some 
secondary changes to which none but the 
usual significance can be attached. 

C. EXAMINATION FOR PARASITES. 
In Loeffler’s syndrome, the discovery of 
Strongyloides stercoralis, Ascaris lumbri- 


coides, Necator americanus, or other ova 
in the stool is of great assistance. When 
Endameba histolytica cysts or trophozoites 
are found in the feces, ‘the etiology of a 
lung abscess may be suspected and subse- 
quently proved. These are but a few 
examples in which examination of the stool 
for parasites may yield important diag- 
nostic information. 

D. Test For Sypatuis. Only 
on rare occasions is this test of any diag- 
nostic significance in pulmonary disease. 
It should, nevertheless, continue to be a 
routine procedure in the examination of 
all patients. 

E. Spurum Examination. This is one 
of the most reliable and important pro- 
cedures and should be utilized routinely 
in every case of suspected or undiagnosed 
pulmonary disease. Suitable ‘specimens 
for examination may be obtained from 
ordinary expectorated material. When 
the amount of sputum raised is insufficient 
or unsatisfactory, material for examina- 
tion may be obtained by pulmonary lavage 
or bronchoscopic aspiration of the trachea 
and accessible Frequent 
microscopic examination of appropriately 
stained smears should be performed in a 
search for the responsible pathogen. One 
should not be content with 1, 2, or even 
3 negative results if strong. clinical evi- 
dence exists which incriminates the lungs 
and points to a certain disease process. 
Repeated careful examinations are manda- 
tory when tuberculosis is suspected. A 
concentrated 24 hour sputum specimen is 
the procedure of choice. The type of 
stain employed is a matter of individual 
preference. If the usual staining tech- 
nique does not yield the desired or satis- 
factory result, then the sputum should 
be cultured on appropriate media. Fresh 
unstained material should be examined 
when attempting to identify the tropho- 
zoites of E. histolytica.. An unstained 
specimen mixed with either a 10% solu- 
tion of potassium hydroxide or sodium 
hydroxide is also the procedure of choice 
when a fungus is being sought.*“? When 
echinococcal disease of the lungs is sus- 
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pected, the diagnosis may be established 
by identification of the hooklets or mem- 
brane of the cyst in a properly stained 
specimen.’ In all cases of lobar or bron- 
chopneumonia the sputum should be typed 
in order to identify the specific micro- 
érganism responsible for the infection. 

If examination of the sputum should 
end with a search for the responsible 
pathogenic microérganism, it would be 
incomplete because the gross and other 
stained and unstained microscopic char- 
acteristics of the pulmonary excreta must 
be studied in order to secure the maximum 
diagnostic benefits from this examination. 
The identification of fat globules will in 
itself confirm or suggest the diagnosis of 
lipoid pneumonia. Loeffler’s syndrome or 
asthma may be suspected when the pre- 
dominating cellular elements are eosino- 
phils, while the additional presence of 
elastic fibrils and Charcot-Leyden crystals 
make the latter possibility more probable. 
The recognition of larvee of A. lumbricoides 
should suggest immediately an ascaris 
pneumonitis. If bronchogenic carcinoma 
is suspected, properly prepared specimens 
should be examined for cancer cells.?* 

The gross characteristics of the sputum 
must be studied carefully as this part of 
the examination frequently suggests the 
diagnosis. For example, a frothy, rust- 
colored sputum, with or without blood- 
streaking, invites a diagnosis of pulmon- 
ary edema, while a 3-layered sputum is 
suggestive of bronchiectasis. Pulmonary 
tuberculosis, bronchiectasis and neoplasm 
are among the diagnoses to be considered 
in the presence of varying degrees of 
hemoptysis. A very foul-smelling sputum 
should make one suspect lung abscess or 
bronchiectasis. Prune juice colored expec- 
toration may signify lobar pneumonia, 
while amebic abscess of the lung may be 
characterized by an anchovy sauce colored 
type of sputum. When the gross charac- 
teristics of the sputum are similar to fluid 
obtained by thoracentesis, a broncho- 
pleural fistula must be considered. The 
accidental discovery of a broncholith may 
be the answer to a difficult diagnostic 
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problem. Characteristic sulphur granules 
mean actinomycosis until proved other- 
wise, while the presence of Curschmann’s 
spirals and Laennec’s pearls are suggestive 
of asthma. From the above remarks one 
should be able to appreciate the value of 
a carefully performed sputum examina- 
tion and assign to it a high priority rating 
on the list of routine diagnostic procedures. 

F. Gastric Contents. The examina- 
tion of fasting gastric contents in the aged, 
the debilitated, and young children may 
help prove the diagnosis of pulmonary 
tuberculosis.'7 It is frequently the 
only method of establishing the diagnosis 
beyond question. This very reliable and 
valuable procedure should be employed 
whenever the bacteriologic results of spu- 
tum examination by stain and culture are 
consistently negative while all available 
clinical evidence, nevertheless, is to the 
contrary. 

G. Broop Cuttrures. Early in the 
course of lobar or bronchopneumonia, and 
before a chemotherapeutic or antibiotic 
agent has been employed, the blood cul- 
ture may be positive. Isolation of the 
responsible organism in the blood stream 
is not used to establish a diagnosis, but 
rather to confirm it. As a rule, blood cul- 
tures are of very limited value in the 
diagnosis of pulmonary disease. 

H. Skin Tests. In many obscure pul- 
monary conditions the diagnosis may be 
suggested by an allergic response of the 
host to a measured minute skin test dose 
of antigen obtained from a specific micro- 
organism. This test is especially valuable 
in such diseases as tuberculosis, coccidi- 
oidomycosis, blastomycosis, histoplasmo- 
sis and other fungus diseases.3:7:8.26.31,40.43 
In some instances, a negative result, how- 
ever, is of far more clinical significance 
than a positive reaction.? Physicians 
should not employ this diagnostic pro- 
cedure unless they are thoroughly familiar 
with the correct technique of performing 
the test and how to read and interpret its 
results. When echinococcal disease of the 
lungs is suspected, Casoni’s intradermal 
test is practically specific.’ All asthma- 
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tics should be tested for allergic response 
to suspicious antigens both for diagnostic 
purposes and therapeutic possibilities. 

I. SEDIMENTATION Rate. For many 
this determination has been a 
practically routine procedure in the study 
of some chronic pulmonary diseases. Its 
popularity certainly does not originate 


years 


from its diagnostic value, but may be 
atrributed to its questionable prognostic 
significance and ease of accomplishment. 
It is a non-specific laboratory test which 
should be interpreted and accepted only 
in the light of the over-all clinical and 
laboratory picture. 

J. PRECIPITIN AND COMPLEMENT-FIXA- 
TION Tests. These procedures are of real 
value in the diagnosis of virus and fungus 
When significant positive results 
are obtained, they may be considered diag- 


diseases. 
nostic. In some instances, as for example 
in blastomycosis and coccidioidomycosis, 
a rising or falling of titer is of prognostic 
us well as diagnostic value.*6-4° 

K. RoOENTGENOLOGIC EXAMINATION. 
No examination of the lungs is complete 
without a Roentgen ray film of the chest. 
An erect posterior-anterior view should 
he a routine procedure for all patients 
suspected of having pulmonary disease. 
The author shares the opinion that a good 
lateral view of the chest is as important 
a routine procedure as a posterior-ante- 
rior film.‘ Not infrequently lesions are 
recognized on the lateral view which are 
not even suspected after the most careful 
interpretation of the posterior-anterior 
film. If economic considerations permit 
it, and time, equipment and personnel 
are available, the lateral view should be 
a routine procedure in the diagnosis of 
pulmonary disease. Roentgen ray exam- 
ination of the lungs is unquestionably one 
of the most valuable of all diagnostic 
procedures, but under no circumstances 
should it be considered a substitute for 
the routine history and physical examina- 
The real and full value of a chest 
Roentgen ray can be realized only if its 
inal interpretation is made contingent on 
he history, the physical examination, and 
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other clinical and laboratory procedures. 
On occasion, the results of physical exam- 
ination of the lurigs are more informative 
than the roentgenogram. More fre- 
quently, however,. the Roentgen ray will 
reveal a pulmonary lesion even after the 
most competetent physical diagnostician 
has rendered a negative opinion. This 
unfortunate shortcoming of the physical 
diagnosis in the recognition of pulmonary 
disease can be corrected only through 
increased utilization of routine Roentgen 
ray examinations of the lungs at regular 
Equipment and sup- 
plies for mass radiographic campaigns are 
now becoming increasingly available and 
the cost is so nominal that even economic 
considerations are of no real consequence. 
One should remember, nevertheless, that 
a Roentgen ray film of the lungs is only 
infrequently diagnostic of pulmonary dis- 
ease. It does, however, permit early 
detection of silent and unsuspected les- 
ions and careful follow-up examinations. 
Therein lies its greatest contribution to 
the study of pulmonary disease. 

The following Roengen ray studies of 
the lungs are valuable diagnostic pro- 
cedures: (1) erect posterior-anterior; (2) 
lateral; (3) oblique; (4) lordotic; (5) stere- 
(6) planographic studies; (7) 
kymographic studies; (8) bucky film; (9) 
spot film; (10) maximum inspiration and 
expiration. Any of these studies, and 
especially the more difficult technical 
procedures, should be undertaken and 
interpreted only by physicians qualified 
to engage in the practice of roentgenology 
The adequate 
study of pulmonary diseases is so depen- 
dent on the Roentgen ray examination 
that it is almost obligatory for phthisiol- 
ogists and other chest physicians to be 
competent roentgenologists as far as the 
thorax is concerned. Each of the exam- 
inations mentioned above has a definite 
place in the study of pulmonary diseases, 
and, if properly employed at the correct 
time, will yield gratifying results in the 
hands of competent individuals. On oc- 
casion, a study of any part of the gastro- 


periodic intervals. 


OSCOPIC ; 


or diseases of the chest. 


t 


104 


intestinal tract with a radiopaque sub- 
stance such as barium may be indicated 
because of differential diagnostic consid- 
erations. This is especially true in dia- 
phragmatic hernias and diseases of the 
esophagus. Roentgen ray examinations of 
other parts of the body may also be indi- 
cated under certain circumstances, but 
the occasions are so inconstant and the 
variety of examinations so multitudinous 
that it is merely mentioned in passing for 
completeness. For example, if the pul- 
monary lesion appears to be metastatic, 
one is required to investigate all possible 
primary sites. 

L. Fiuoroscopy. This study of the 
lungs is very valuable in determining 
mobility and other dynamic features of the 
chest during various phases of respiration. 
One may study and estimate the functional 
vital capacity of each lung in this manner 
by noticing the changes in its density dur- 
ing various respiratory phases together 
with the movement of the ribs, medias- 
tinal structures, and excursion of the 
diaphragm. Aneurysms may be diagnosed 
from their expansile nature and so differ- 
entiated from solid tumors. Fluoroscopy 
is of untold value in such conditions as 
pneumothorax and pleural effusions. It 
is no adequate substitute for Roentgen 
ray photographs of the lungs. Too many 
lesions escape detection by even the most 
competent fluoroscopists if sole reliance is 
placed on this method of examination. 
However, when it is necessary to consider 
the gastro-intestinal tract in the differen- 
tial diagnosis of pulmonary disease, fluoro- 
scopic examination is probably a more 
important study and reliable evaluation 
than the roentgenogram. 

M. EXAMINATION OF PLEURAL FLUID 
AND Gases. Whenever the presence of a 
pleural effusion is ascertained, a speci- 
men must be obtained for diagnostic pur- 
poses as soon as possible. Unless specifi- 
cally indicated, air should not be intro- 
duced into the pleural cavity during, or 
following, diagnostic aspiration. A part 
of the fluid obtained should be consigned 
for bacteriologic examination. If the 
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specific diagnosis is suspected, special 
stains, cultures, and other bacteriologic 
studies may be carried out. For example, 
if one suspects a tuberculous effusion, then 
a guinea pig inoculation is in order. Fluid 
which has developed synpneumonically, 
or metapneumonically, should be typed 
for specific pneumococci. If one suspects 
a malignancy, part of the specimen should 
be examined histopathologically for neo- 
plastic elements. The type of leukocyte, 
if present, can be determined from a 
stained smear while searching for patho- 
genic bacteria. In this way the inflam- 
matory nature of an effusion can be de- 
tected. Sufficient fluid should be ob- 
tained to determine the specific gravity 
or protein content. These examinations 
are valuable in differentiating an exudate 
from a transudate. Before withdrawing 
the aspirating needle, 10 cc. of 1% methyl- 
ene blue, or some other suitable dye, may 
be instilled if a bronchopleural fistula is 
suspected. In the presence of this com- 
plication the sputum will have a bluish 
discoloration within 12 to 24 hours, or 
sooner, following injection. This is a very 
valuable diagnostic aid which offers incon- 
trovertible evidence when positive. Where 
facilities for gas analysis are available, 
the existence of a bronchopleural fistula 
may be suggested by a determination of 
the carbon dioxide and oxygen content 
of gas obtained from the pleural cavity.”’* 
This time-consuming procedure is usually 
unnecessary and merely of academic 
interest. 

Macroscopic examination of the fluid 
obtained by thoracentesis is not a very 
reliable procedure; but odor, viscosity and 
color may suggest certain diagnostic pos- 
sibilities and methods of examination. 
For example, a pale straw-colored fluid 
obtained from the right hemithorax may 
suggest congestive failure with hydro- 
thorax. Milky, thin fluid invites the diag- 
nosis of chylothorax which can be con- 
firmed by staining with Sudan III and 
chemical analysis of its fat content. <A 
blood-tinged, or frankly bloody, fluid 
suggests pulmonary infarction, trauma, 
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congestive heart failure, tuberculosis, pul- 
monary or pleural neoplasm, and other 
possibilities. Foul-smelling fluid may 
suggest an anaérobic infection or a colon 
bacillus. These gross features should all 
be evaluated in the light of the available 
clinical and other laboratory evidence and 
appropriate further study undertaken to 
prove the diagnosis. From this brief dis- 
cussion the diagnostic importance of fluid 
in the pleural cavity should be obvious, 
and the physician must be prepared to 
obtain every possible assistance from the 
complete investigation of this easily avail- 
able pathologic material. 

N. Broncnoscopy. This diagnostic aid 
is not employed with sufficient frequency 
in the diagnosis of pulmonary disease. 
Yet, it affords the clinician an opportun- 
ity to visualize the lesion directly, if it is 
located in an accessible area, and to obtain 
material for bacteriologic and histopatho- 
logic examination with which to establish 
the diagnosis. The appearance of some 
lesions is almost diagnostic. In any unex- 
plained pulmonary disease, or suspected 
tracheo-bronchial disease, this examina- 
tion should be performed without procras- 
tination as it is a relatively harmless pro- 
cedure in the hands of competent broncho- 
' The physician should not hesi- 
tate to submit his patient to this examina- 
tion for the expected benefits are far more 
numerous than the possible dangers. 
Bronchoscopic examination should be con- 
sidered in all cases of obscure and atypical 
pulmonary lesions in all patients past the 
age of 40. In this way more cases of pul- 
monary cancer will be discovered in an 
operable and possibly remedial stage.??:3°- 

©. EsopHacoscopy. On occasion this 
may be a very valuable procedure in dif- 
ferentiating between esophageal and pul- 
monary disease. Not infrequently, esoph- 
igeal disease is discovered to account for 
econdary pulmonary complications as in 
tricture and carcinoma of the esophagus 
cardiospasm. 

P. BroncnoGrapuy. The introduction 
f a radiopaque substance (lipiodol) into 
he tracheo-bronchial tree is a simple, safe 
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and valuable procedure. It is of unpar- 
alleled value in cases suspected of having 
bronchiectasis and may also be employed 
to demonstrate bronchial occlusions, cys- 
tic disease and pulmonary cavitation. 
The method of choice in carrying out this 
examination is one of individual prefer- 
ence. Following the instillation of lipiodol 
into the tracheo-bronchial tree, immediate 
fluoroscopic and photographic examina- 
tion should be performed. 

Q. Uses or Rapto- 
PAQUE MarTertaL. When a sinus tract 
appears to communicate with the lung 
or the pleural cavity, lipiodol, or some 
other suitable material, may be used to 
outline the tract and to ascertain the 
communication. In positive instances the 
lipiodol can be demonstrated in the lungs 
fluoroscopically roentgenologically. 
This procedure may be especially useful 
in thoraco-abdominal actinomycosis with 
sinus tracts. 

R. Biopsy or Lesion For HistoPpaTHo- 
LOGIC AND BacTEerroLocic Stupy. When 
a diagnosis cannot be established by 
sputum examinations or other simple 
laboratory techniques, biopsy of available 
pathologic material may be performed. 
The tissue should then be examined by 
the proper histopathologic and_bacteri- 
ologic methods. 

Material for biopsy may be obtained 
from the local pulmonic lesion or from other 
sites if the pulmonary disease process is 
part of a general systemic condition. Suit- 
able specimens may be obtained broncho- 
scopically if sufficient material is biopsied 
from the proper portion of the lesion.” *°.* 
Bronchial adenomas have a tendency to 
bleed following biopsy, but this is only 
a minor complication and should not be 
considered a contraindication to the pro- 
cedure. The bronchoscopist must be well 
oriented before securing the biopsy speci- 
men and is required to determine care- 
fully before the operative procedure is 
undertaken the possible existence of a 
thoracic aneurysm. Accidental biopsy of 


the aorta or other great vessels may be a 


When 


rather embarrassing complication. 
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material for 
inaecessible bronchoscopically, the author 
has unhesitatingly performed innumerable 
punch biopsies of pulmonary lesions situ- 


biopsy has been found 


ated at respectable distances from vital 
If a Vim-Silverman biopsy 
needle is used, sufficient material of diag- 
nostic quality can be obtained without 


structures. 


any more serious sequele than transient 
blood-spitting. Aspiration biopsy is not 
as satisfactory as material obtained in 
this fashion is usually insufficient for 
adequate histopathologic examination, al- 
though quite frequently suitable for bac- 
teriologic study. When pulmonary tis- 
sue is not available for histopathologic, 
or bacteriologic, examination or has been 
found non-diagnostic, material may be 
obtained from other accessible sites. In 
such instances one may ascertain the 
diagnosis from an involved lymph node, 
a skin lesion, a draining sinus, or from 
any other site involved by the same dis- 
If it appears that the pul- 
monary disease represents a metastatic 
lesion, then, in any event, biopsy of the 
original focus is preferable. Suspected 
leukemic infiltrations of the lung may be 
diagnosed by aspiration or biopsy of the 
sternal bone marrow. 


ease process. 


Histopathologic 
and bacteriologic examination of involved 
tissue obtained by biopsy is an excellent 
and usually safe method of establishing 
an etiologic diagnosis quickly and indis- 
putably. 

S. DiaGnostic PNEUMOTHORAX. This 
is a very excellent method of distinguish- 
ing between intrapulmonary and extra- 
pulmonary lesions. 

T. Dtacnostic PNEUMOPERITONEUM. 
This procedure has very little place in 
the diagnosis of pulmonary disease unless 
diagnostic pneumothorax fails to reveal 
the exact location of a lesion in the region 
of the diaphragm. 

U. THoracoscoptc Examination. Af- 
ter a diagnostic pneumothorax of sufficient 
quantity has been induced, it is a rela- 
tively minor surgical procedure to exam- 
ine the contents of the pleural cavity 


with the thoracoscope. This sometimes 
permits direct visualization of the lesion 
for purposes of surgical evaluation and 
diagnosis. Biopsy specimens may be ob- 
tained in this manner for histopathologic 
and bacteriologic examination. 

V. Tue This 
procedure has very limited value in 
As in the 
case of cor pulmonale, it frequently re- 


diagnosing pulmonary lesions. 


flects cardiac and pericardial complica- 
tions and effects of pulmonary disease, but, 
if the investigation has been conducted 
correctly and in logical order, the informa- 
tion obtained from the electrocardiogram 
will be of confirmatory rather than diag- 
When the differential 
diagnosis rests between pulmonary em- 


nostic importance. 


bolism and coronary occlusion, however, 
it may be of real diagnostic value.! Low 
voltage in the presence of massive pleural 
effusion is only of academic interest. 

W. Venous PREssURE AND CIRCULA- 
TION TIME. 
failure the venous pressure is commonly 
elevated. This is not usually the case in 
pulmonary disease. On occasion, primary 
or metastatic tumors in the thorax will 
obstruct the venous return from one part 
of the body or another, but this is rarely 


In the presence of cardiac 


symmetrical as one would expect in car- 
diac decompensation. This latter observa- 
tion together with other available evi- 
dence, such as collateral circulation, will 
usually decide the issue. 

Determination of the circulation time 
in pulmonary disease is of questionable 
value although it is significantly prolonged 
in many cases of anthracosilicosis.6 A 
prolonged circulation time is a far more 
constant characteristic of cardiac decom- 
pensation than pulmonary disease. The 
venous pressure and circulation time are 
of definite value in helping to differentiate 
between cardiac and pulmonary diseass 
processes. 

X. Test Dose or DEE! 
RoOENTGEN Ray Tuerapy. If a pulmo 
ary lesion remains undiagnosed after a 
available diagnostic procedures have bee 
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utilized, then a test dose of deep Roent- 
gen ray therapy is indicated. Response 
to this form of therapy is very striking 
in lymphoblastomas and its successful 
utilization is both therapeutic and diag- 
nostic.! 

Y. ANGIOCARDIOGRAPHY. An intraven- 
ous or intracardiac injection of a radio- 
paque substance will frequently differenti- 
ate vascular tumors of the thorax from 
other pulmonary lesions." The diag- 
nosis of pulmonary arteriovenous fistula 
can be established beyond question by 
correct utilization of this procedure. This 
diagnostic procedure is not without danger 
highly trained technical 
assistance and rather involved appara- 
tus.'*3 [t is, therefore, not recommended 
as a routine procedure. 

Z. Exploratory THoracotomy. If all 
other examinations fail to establish the 
diagnosis, the physician is justified in 
recommending this diagnostic procedure 
as the last resort in certain selected cases. 
In the hands of a competent thoracic 
surgeon this procedure carries no greater 
risk than an exploratory laparotomy and 
may eventuate ina cure. 

Some pulmonary diseases may be en- 
countered which will require the supple- 
mentary utilization of other indicated and 
highly specialized procedures in order to 
establish the correct diagnosis. For ex- 
ample, bronchospirometric studies, gas- 
troscopic examination, determination of 
the alkaline phosphatase blood level, or a 
retrograde pyelogram may be necessary 
to establish the diagnosis in some instances. 
To enumerate and discuss all these possi- 
bilities would be an almost impossible as- 
signment. As a rule, intelligent utiliza- 
tion, correct interpretation and careful 
selection of indicated clinical and labora- 
tory procedures enumerated above will 
be rewarded by a prompt and accurate 
diagnosis of existing pulmonary disease. 

In recent years there has been a per- 
ceptible and annoying tendency among 
some physicians to discredit the value of 
the history and physical examination of a 


and requires 


patient suspected of having a pulmonary 
disease and to place greater and almost 
complete reliance on laboratory methods 
This practice has reached 
the point where only the more fortunate 
patients receive the benefit of even a 
cursory physical examination, and _ this 
after they have submitted to all sorts of 
complicated, expensive and ofttimes super- 
fluous laboratory procedures. In those in- 
stances where it is the added practice of 
the physician to rely on a clerical aid, a 
technician, or a nurse to obtain the ab- 
breviated form-fitting history, the patient 
may not even see the doctor except to 
hear the final expensive verdict of the as- 
sembly line boss. Unfortunately, this 
deplorable trend not only destroys the 
very valuable personal patient-physician 
relationship on which the practice of 
modern medicine is built, but is supply- 
ing effective ammunition for the guns of 
those who are blasting at our present 
medical structure and demanding social- 
ized medicine. 

The foregoing considerations of the 
manner in which diagnostic clinical and 
laboratory procedures are employed should 
not be construed as an effort to minimize 
the importance of these very valuable and 
occasionally indispensable aids. On the 
contrary, it is felt that the correct diagno- 
sis of many obscure pulmonary conditions 
would be almost impossible, or never es- 
tablished, without readily available facili- 
ties for performing these examinations 
when indicated. After the examiner has 
obtained the history and conducted the 
physical examination, in the manner pre- 
viously outlined, the selection of possibly 
beneficial diagnostic procedures is the next 
logical and important step in the diagnosis 
of pulmonary disease. Investigation of 
the illness in this scientific manner and 
orderly sequence will result in a much 
higher incidence of prompt and correct 
diagnoses. The patient and physician 
will both benefit from this approach to 
the problem. Fewer laboratory proce- 
dures will be performed and more diag- 


of diagnosis. 
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noses will be made. To render a patient Summary. 1. The importance of a 
the best possible service, the physician prompt and correct diagnosis of pulmon- 
must be thoroughly familiar with and ary disease has been emphasized. 

willing to practice the proper and accept- 2. An orderly and scientific manner of 
able methods of orderly investigation. investigation has been outlined. 


The author wishes to express his sincere appreciation to Dr. Max Pinner of Berkeley, California, 
and Dr. Edward W. Hayes of Monrovia, California, for their valuable assistance and constructive 
criticism in the preparation of this manuscript. 
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PERSONALITY REPERCUSSIONS OF ANTERIOR POLIOMYELITIS 
A REVIEW OF THE LITERATURE 


By E. 


DENVER, 


ANTERIOR poliomyelitis has rightfully 
come into the limelight of public attention 
and scientific inquiry. However, too little 
consideration has been given the patient 
as a total personality, often rendered a 
handicapped individual by the 
The report, to follow, is a summary of the 
rather meager literature in English deal- 
ing with the repercussions on the total 
wrought by anterior polio- 
myelitis, both in its acute phase and dur- 
ing subsequent reaction to bodily disfig- 
urement and disability. This résumé of 
the available literature and unpublished 
data related to that aspect of the disease 
is tendered in the hope that greater em- 
phasis will be focussed in the future upon 
the patient as a total functioning unit, as 
research progresses toward defining the 
cause and cure of the disease—and the 
more effective rehabilitation of its victims. 

Considerably more has been written and 
described about constitutional and neuro- 
pathic predispositions to the disease than 
about its long-term effect on personality 
functioning and readjustment capacities. 
Draper® (1932) reémphasized his delinea- 
tion of what has been called a “ poliomyeli- 
tie type,”’ and quoted from his book (pub- 
lished in 1917) his description: “The 
type of child which seems most susceptible 
to the disease is the large, well-grown, 
plump individual who has certain definite 
characteristics of face and jaws; is broad 


disease. 


personality 


* 1820 Gilpin St., 


M.D.* 


COLORADO 


and broad and round of face. 
The wide spaced dentition has 
been a striking feature. 

2 Among the adoleocents and 
young adults who acquired poliomyelitis 

usually fatal, the type differed 
from that which is described. Instead of 
the very large, well nourished individuals 
with widely spaced teeth, there appeared 
a delicately made type. “a 

To this description in 1917, the author 
added in 1932: “. It appears that 
the constitutional structure of the infantile 
paralysis people points toward deficiencies 
of 3 glands, namely: pituitary, gonad and 
adrenal cortex.”” He concluded that “the 
highly specialized type of child described 

is a causal factor in the occurrence 
of infantile paralysis, of equal importance 
with the virus; but so far as the develop- 
ment of paralysis is concerned, the con- 
stitution of the child is of greater signifi- 
cance than the virus.” 

After observation of 1004 patients or 
photographs of patients, Aycock! (1941) 
supported Draper’s concept and the cor- 
responding clinical impression of a com- 
mon constitutional factor; 1. e., a “ polio- 
myelitis type.” He remarked that the 
frank disease tends to occur in a limited 
number of the individuals exposed, and 
that these are individuals “of an autaree- 
ologic susceptibility, as shown by the 
tendency of the disease to familial aggre- 


browed, 
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gation and that the character in question 
is a physiologic difference of an endocrine 
nature which, although to a considerable 
extent subclinical, manifests itself in the 
clinically discernible characteristics. 

It appears, therefore, that the selective 
character of the disease must be borne in 
mind in any statistical comparison of post- 
poliomyelitic patients with “normal” con- 
trols. In addition to these constitution- 
ally determined physical predispositions, 
there may also be constitutional neuro- 
pathic and psychopathic determinants. 
For example, Neustaedter" (1912) re- 
ported that of 25 cases, 19 had hereditary 
neuropathic constitutions, and added that 
he believed that this was sufficiently sug- 
gestive to warrant further investigation. 

While acknowledging the scarcity of 
reported investigations, there has been 
little tendency to accept personality dis- 
orders as resulting from the poliomyelitic 
infection. A French writer, Zara™ (1934), 
reports what he believed was a likely 
causal relationship between poliomyelitis 
acquired in infancy (with severe sequels) 
and schizophrenia developing at 33 years 
of age. Whether he related the psychosis 
to the infection or to its sequele is not 
clear from the abstract translation. On 
the other hand, Gordon et al.? (1939) in- 
vestigated psychometrically 98 poliomye- 
litic patients and declared: “This study 
shows that an attack of poliomyelitis does 
not, either at the time or subsequently, 
depress the level of general intelligence as 
estimated upon the Stanford-Binet scale.” 
The authors remarked that long absence 
from school, or the development of emo- 
tional reactions to environment resulting 
in personality maladjustments may deter- 
mine definite educational backwardness 
simulating true mental retardation. 

Of some psychobiologic import is the 
controversial term “mental alienation,” 
stemming from Sister Kenny’s concept of 
infantile paralysis. Describing this factor, 
Bohnengel* (1944) has written: “In ad- 
dition to being studied as a function of 
the neuromuscular system, muscular ac- 


tivity should be studied also as a function 
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of the total organism as embodied in the 
concept of the personality and its func- 
tions.”” “‘ Mental alienation,’’’ he sug- 
“is composed of a sensory factor 
(‘loss of mental awareness’) and a motor 


gestec 1, 


factor (‘mental alienation’ in its narrower 
sense). . . . ‘Loss of mental aware- 
ness’ seems to correspond to psycho- 
sensory (proprioceptive) dissociation, and 
‘mental alienation’ to psychomotor dis- 
sociation.”” The author then concluded 
that “this syndrome comprising disturb- 
ances in the proprioceptive and motor 
functions of the personality is not peculiar 
to infantile paralysis. Rather, it appears 
to be the psychobiologic reaction to mus- 
cular immobilization due to any cause 
and has as its background not cellular 
pathology alone but the entire psycho- 
biologic organization of the individual.” 

Knapp” (1944) dissented in this regard, 
believing that Sister Kenny’s term “ men- 
tal alienation” is “a very unfortunate 
term because it implies a_ psychologic 
‘vause of loss of function which is not 
justified by the clinical observations. . . 
‘Mental alienation’ is probably only a 
minor factor in infantile paralysis and is 
probably not psychologic in origin as 
thought by Miss Kenny.” 

Elsewhere, Bohnengel® (1944) wrote in 
evaluation of the Kenny concept that 
“mental alienation’ and ‘muscular in- 
coérdination’ appeared to be in the nature 
of psychobiologic reactions to. the effect 
of the disease as well as to certain methods 
of treatment. Both of these symptoms 
respond to reéducation which, in large 
measure, is a psychotherapeutic pro- 
cedure.” 

A report on the acute- and after-care 
of patients in a New York City poliomye- 
litis epidemic of 1916 was furnished by 
Grossman® (1917), based upon the pro- 
gram financed by a voluntary “ After-care 
Committee.” The report contains no 
reference to possible personality devia- 
tions occurring, nor to any utilization of 
psychotherapy per se. By 1938, however, 
Griffin et al.8 were able to report as 
“strikingly successful” a mental hygiene 
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program pursued during the acute and 
early convalescent stages of a Canadian 
epidemic. During a 1937 epidemic of 
poliomyelitis, 2635 persons in Ontario were 
affected and of these “over 1000 sustained 
paralysis sufficiently severe to warrant 
orthopedic treatment.”” Recognizing that 
unavoidably long convalescent periods 
would be required, these workers, assisted 
by the Provincial Department of Health, 
organized and carried out ‘a mental 
hygiene program with a staff consisting 
of neurologist, psychiatrist, psychiatric 
social worker, 4 occupational therapists, 
as well as volunteer librarians, teachers, 
artists and occupational therapy students. 

Their report is quoted at some length 
because it represents apparently the earli- 
est such project of this extent: “Every 
child more than 4 years old was seen by 
the psychiatrist or the psychiatric social 
worker, either during admission or soon 
afterwards. 

“Occasionally children with emotional 
problems of one kind or another were 
found. ‘There were several severe cases 
of homesickness. The commonest psy- 
chologic factor here was an abnormally 
strong attachment to the mother. 

“The difficulty of appraising the results 
of this mental hygiene program is obvious 
enough. Mental health and wholesome 
attitudes are attributes which are not 
easy to measure quantitatively. By 
observing the change in the children dur- 
ing their 3 weeks stay, however, and by 
observing them again on their return to 


the Hospital for Sick Children for re- | 


examination, the writers were left with 
little doubt as to the efficacy of the 
measures employed. They were strik- 
ingly successful. 

“The program in psychologic medicine 
introduced into the Ontario Orthopedic 
Hospital served a twofold purpose. Pri- 


marily organized to give the younger 
patients guidance in adjusting to a pro- 
longed convalescence, the hospital was 
also used as a demonstration center. 

The parents of the patients re- 
ceived instruction not only in physical 
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management of the paralyzed patient, 
but also suggestions whereby psychologic 
problems could be anticipated and met.” 

Ripley et al. (1943) analyzed in con- 
siderable detail the personality factors in 
patients with muscular disability (not 
restricted to the poliomyelitic residuals). 
They declared: “In the analysis of the 
personality reactions, the following fac- 
tors were found to be of more importance 
in determining the adjustment than was 
the clinical entity (tabulation is that of 
present author): (a) The various psycho- 
biologic factors, which aside from the mus- 
cular disability, have operated in the 
formation of the personality make-up; 
(b) the type of muscular disability (weak- 
ness, fatigability or incoérdination); (c) 
the muscles involved, and the physiologic, 
economic and cosmetic significance of these 
muscles; (d) the age when the muscular 
symptoms first appeared; (e) the nature 
of the onset of symptoms (acute or in- 
sidious); (f) the length of time the symp- 
toms have been present; (g) the course 
of the disability (constant, slowly pro- 
gressive, rapidly progressive or variable).”’ 

The authors thought of these factors as 
“environmental stresses requiring new 
adaptations from a consistently reacting 
and adjusting organism;” and elaborated: 
“Muscular disability induces no change 
in the basic structure of the personality, 
but accentuates underlying traits which 
have been determined previously by the 
constitutional make-up and environmental 
situation. 

“ In the disability of sudden 
onset, there is a definite change from the 
status of muscular function before the 
disease began. The result is anxiety. 
which often decreases when the disease 
becomes chronic, or even disappears if 
the symptoms become arrested. When 
the onset is insidious, there is usually a 
gradual adaptation and a relatively mild 
emotional reaction to the illness. In this 
latter group, as long as disability is not 
marked, changes in routine of life can be 
made with facility unless marked psycho- 
neurotic personality features have been 
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present prior to the illness. A transient 
depression in reaction to the disability 
is often found, particularly when the indi- 
vidual is unable to carry out some activ- 
ity at which he had previously been pro- 
ficient. 
tion may be made by the development 


Compensation for loss of fune- 


of personality traits, such as conscientious- 
ness, cautiousness, perseverance or exces- 
sive aggressiveness. 

’ When the patient continues 
to take an interest in his occupation and 
other people, he may be diverted to a great 
extent from his symptoms until the handi- 
cap has become so great as to preclude 
normal activity. Resentment toward the 
affliction is seen in most patients at one 
time or another. Frequently, it is trans- 
ferred to the environment in the form of 
irritability. 

“The part of the body involved was of 
importance in some patients. In general, 
the upper extremities were more essential 
to normal personality function than the 
lower extremities. The hands offered a 
more satisfactory means of expression and 
compensation than did the feet. Sexu- 
ally, however, the lower extremities took 
on special significance as essential parts 
of the sexual equipment, both cosmetically 
and physiologically In those with 
narcissistic tendencies there was greater 
sensitivity to muscular wasting itself, and 
sometimes a resultant development of 
anxiety, depression or resentment 

“The age of the patient acted as an 
important factor, in that the psychic 
trauma was least marked in young patients 
who were still under the protective care 
of their parents whether the disease was 
acute or insidious in onset. The emotional 
difficulties of the parents frequently were 
found to be greater than those of the 
patients themselves. In children the 
cosmetic factor and the functional inferi- 
ority became of major importance as they 
passed through adolescence into sexual 
and social maturity. Sensitivity to the 
defect was developed during this period 
and set off a series of reactions which led 
to definite changes in personality.”’ 
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The validity of these factors in polio- 
myelitis specifically was borne out statisti- 
cally by a follow-up study of 100 children 
recovering from that disease, reported by 
Copellman® (1944), a medical social work- 
er. This report was based upon social 
work studies in conjunction with the New 
Haven Hospital and Clinic after an epi- 
demic in 1943. Among these 100 patients 
were 7 instances requiring frank psychiat- 
ric treatment of either the child (4 cases), 
or one of the parents (3 cases). The author 
suggested 3 possible causes of maladjust- 
ment: (a) the direct effect of the virus 
upon behavior; (b) the tendency of the 
disease to select constitutional inferiors as 
victims; and (c) (most likely in opinion 
of that author) the threat of a feared 
disease, isolation in hospital, separation 
from parents, strangeness of treatment, 
long convalescence, and the possibility of 
chronic paralysis. In the same study 38 
of the 100 patients demonstrated “ be- 
havior problems’ sufficient to induce 
parents to seek assistance. These seemed 
to result from the (a) tendency of the 
experience to precipitate or activate previ- 
ous conflicts in child or family, and (5) 
irritability stemming from the long con- 
valescence. Such behavior problems were 
manifested primarily by refusal to eat, 
nightmares, enuresis, temper tantrums and 
especially (in 27 of 38 patients) weeping 
upon slight provocation. The author con- 
cluded: “Study of these children has 
convinced us that there are manifold prob- 
lems in the readjustment of the children 
to home and school after a disease such 
as poliomyelitis, and that the social worker 
does have an important function in work- 
ing with these children and their families 
until a satisfactory adjustment is made. 
We are convinced that the convalescent 
period extends over a period of months, 
even though the child appears to be com- 
pletely well, and he should get special 
consideration from parents and teachers.”’ 

Referring to muscular disability in gen- 
eral, Ripley et al."? (1943) clearly empha- 
sized that: “The recognition of emotional 
factors is of importance not only in diag- 


NEUROLOGY AND PSYCHIATRY 


nosis, but also in treatment. Rapport with 
an understanding physician can give much 
comfort to the physically handicapped in- 
dividual. The physician in whom the 
patient has developed confidence exerts a 
powerful suggestive effect by his talk and 
manner on the ability of the patient to 
function at his optimal level. In some 
cases there may be an actual relaxation 
of muscles so that spasticity is decreased 
and fatigue lessened, enabling the muscles 
to work more efficiently. Anxiety, resent- 
ment and depression are decreased by 
allowing the patient to unburden himself 
to an interested listener. Atten- 
tion to interpersonal relationships in the 
home setting makes discussion with other 
This is 
particularly advisable in the case of chil- 
dren whose parents show anxiety. 


members of the family desirable. 


“Suggestion played an important part 
in the symptomatic change after adminis- 
tration of various medications.” 

It will be noted that these therapeutic 
measures are uniformly empirical in nature. 
From a psychiatric standpoint there has 
been reported no satisfactory investiga- 
tion of the psychodynamics involved in 
adjustment of the poliomyelitic patient 
to long-term convalescence and to more 
or less permanent deformity and malfunc- 
tion. In 1941, Billings? (1946) proposed 
a detailed program for a comprehensive 
and long-term psychiatric study of selected 
patients afflicted with anterior poliomyeli- 
tis. The war intervened and prevented 
execution of the study, but in 1946 he 
revised the program plan for presentation 
to the National Foundation for Infantile 
Paralysis by representatives of the Uni- 
versity of Colorado School of Medicine 
and Hospitals" (1946). 

In the interim between completion of 
the plan and its presentation to the 
National Foundation, the psychiatric and 
psychiatric liaison departments of that 
university completed an initial study of 
11 eases. A preliminary description of the 
procedure and findings in these 11 cases 
is contained in the last (unpublished) 
reference’ (1946). The patients incurring 
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acute anterior poliomyelitis who were 
above the age of 13 years were selected 
for study during hospitalization. Each of 
the 11 cases was investigated by a “stan- 
dard”’ history with psychiatric emphasis, 
thorough physical and neurologic survey, 
a Rorschach test, social history from near 
relatives, an electro-encephalogram, and 
a follow-up thematic apperception test. 
It was proposed that during convalescence 
and after discharge from the hospital 
further follow-up examinations and a re- 
peat Rorschach test be carried out in the 
case of each patient. Describing initial 
attitudes toward the disease, it was noted: 
“Almost all the patients expressed on 
query a feeling of shock and fear for their 
lives when they first learned their disease 
was polio. Most reacted with depression 
and tearfulness or a desire to tearfulness. 
Almost everyone felt that most polio 
patients die or are so severely crippled 
they are complete invalids for the rest of 
their lives. It is interesting that the nurse 
in the group felt similarly although intel- 
lectually aware that most polio patients 
do not die and few are completely incapaci- 
tated by residual paralysis.”’ 

The report includes a descriptive anal- 
ysis of the 11 patients with their varying 
personality deviations and reactions. It 
was predicted that Rorschach studies may 
well prove of great interest and importance 
and that in this series “ most records show 
anxiety and/or neurotic shock.” Many 
manifest somatic concern. One patient 
reacting to a severe infection with marked 
depression was subjected to Rorschach 
tests 5 weeks apart, eliciting the following 
interpretations: “In the first record taken 
during the forepart of her illness, we see 
evidence of a traumatic background and 
some neurotic tendencies. In addition is 
a severe reaction to her present situation 
with the expression of tremendous insecur- 
ity and color and shading shock. Depres- 
sion of affect is apparent as well as severe 
constriction of emotion and thinking and 
withdrawal from reality. In a record ob- 
tained 5 weeks later there is much im- 
provement, as is shown by the liberation 


of fantasy material, rejection of only 1 
card, reduction in reaction time, increase 
in the number of responses, and the ap- 


pearance of tension material completely 


blocked by repression in the first record.”’ 

This preliminary survey represents a 
promising approach toward definition of 
the fundamental dynamics underlying 
personality deviations in association with 
the psychic trauma, disorders in person- 
ality “effector’’ functions and situational 
factors, inherent in (a) anterior polio- 
myelitis in particular, and (6) chronic de- 
bilitating and deforming diseases in gen- 
eral. It would seem that until such 
investigations are pursued systematically 
with adequate numbers, controls and 
periods of observation, psychosomatic and 
psychiatric management (both prophylac- 
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tic and corrective) must remain upon an 
empirical basis. 

Summary. The literature and some 
unpublished data are reviewed in sum- 
mary with reference to personality devia- 
tions occurring with or following infections 
of anterior poliomyelitis. Systematic in- 
vestigation of the psychobiologic reper- 
cussions from anterior poliomyelitis is par- 
ticularly needed to evaluate the long-term 
effects wrought upon the personality by 
prolonged illness, deformity, loss of func- 
tion, and resultant disturbance of the body 
image generally. Information derived 
from such research, if and when pursued, 
should enhance immeasurably the efficacy 
of over-all management of the “polio” 
patient by disclosing verifiable principles 
for his psychotherapy to supplant the 
present empiricism. 
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PSYCHOSOMATIC RELATIONSHIPS IN ACUTE ANTERIOR POLIOMYELITIS 


By FRANKLIN G. Espaucu, M.D. 


AND 


CLARENCE S. Hoekstra, M.D. 
DENVER, COLORADO 


In the recent primer of poliomyelitis 
published by the American Orthopedic 
Association we see an excellent definition 
of the disease: “ Poliomyelitis, or infan- 
tile paralysis, is an acute generalized sys- 
temic disease caused by a virus and char- 
acterized by inflammation of various parts 
of the central nervous system, but par- 
ticularly by the damage to or destruction 
of the large motor cells in the spinal cord, 
with resultant paralysis of the voluntary 
muscles innervated by 

The history of poliomyelitis probably 
extends back into antiquity. On an 
Egyptian tombstone dating from the 2nd 
century before Christ, there appears the 
figure of a man typically crippled by this 
disease.2- In recorded medical history as 
far back as 1784 we find a description of 
the disease by Michael Underwood, a 
British pediatrician. In 1835 John Bod- 
ham reported 4 classical cases in children 
occurring in England. It was Jakob Heine 
in 1840 who published the first extensive 
monograph of the disease, describing in 
detail the features of the disease and a 
discussion of its treatment. This was fol- 
lowed in 1860 by a second paper in which 
he pointed out the “spinal” character of 
the disease. Description and pathology 
were elaborated by such men as von Rein- 
eker, von Recklinghausen, Rissler and 
others. In 1890 Medin laid down the 
foundation of the epidemiology of polio- 
myelitis in pointing out that the disease 
was, without doubt, infectious in origin. 
From his and Heine’s work, the name 
Heine-Medin’s disease was derived and 
applied to this disease. For elaboration 
of the epidemiology, etiology, pathology 
and prophylaxis, the reader is referred to 
the many excellent articles on these fea- 
tures in the current literature, such as 


Toomey,'® Sabin," Faber and Silverberg,® 
Francis,® and others. 

The first epidemic noted in this country 
was recorded by George Colmer in 1841. 
Subsequent epidemics have come and gone. 
This year (1946) has been recorded as the 
worst poliomyelitis year in 3 decades. 
This is the 4th successive year in which 
the polio rate has been very high. It was 
during the present epidemic that it reach- 
ed startling proportions in the state of 
Colorado and our attention was brought 
to the problem of emotional reactions to 
this disease. The many requests for psy- 
chiatric aid in the treatment of these 
individuals during the acute and con- 
valescent period emphasized the need for 
a study of the emotional impact of this 
disease on the personality. The need to 
study the patient from a psychosomatic 
standpoint, to study the patient as a 
whole, rather than the disease alone, was 
apparent. We have searched the litera- 
ture for a report of such a study but have 
found only signposts in various papers 
indicating the need for a psychosomatic 
study of poliomyelitis. Many papers 
comment in a general way: “The attitude 
of the patient and the family toward the 
wearing of the splint depends on whether 
it is worn and may be a deciding factor 
in determining success or failure of the 
treatment” (Stevenson'’). “The child 
crippled by poliomyelitis may, unless care 
is taken, develop emotional reactions to 
his environment which may result in seri- 
ous personality maladjustment” (Gor- 
don’). “Remote sequele of a psychas- 
thenic or neurasthenic. nature were more 
common than previously noted. Insomnia 
and nightmares were complained of. Irri- 
tability and emotional instability were 
noted and some complained of mental 


fatigability with poor power of concentra- 
tion, all of which might be indicative of a 
mild cerebral involvement. Neurocircula- 
tory asthenia was common, the sudden 
weakness, vertigo, palpitation and breath- 
lessness probably being due to sudden 
lowering of vascular tension incident to 
sympathetic dysfunction” (Bower,’ and 
others'*»), 

In the recent primer of poliomyelitis of 
the American Orthopedic Association," it 
is pointed out that the emotional and 
psychologic manifestations in poliomye- 
litis have not been adequately studied or 
evaluated. Barbour,' in a 4 year follow- 
up (1935) of the adjustment of 60 handi- 
capped poliomyelitis individuals, reported 
that 6 (10%) of these 60 patients with 
residual paralysis showed emotional mal- 
adjustment and he pointed out the obvious 
need for psychiatric help in those disabled. 
A study by Griffin et al.® in 1937 was con- 
cerned with the physical therapeutic set- 
up, the use of optimistic reassurance as 
psychotherapy and directed play and oc- 
cupational therapy, but did little in analyz- 
ing the psychodynamics of the phenomena 
they observed in their patients. They did 
emphasize the need of these individuals 
for such a mental hygiene program. More 
recent studies published by 2 social work- 
ers working separately (Grant,’ Copell- 
man*) underline the “severe emotional 
component in facing a diagnosis of polio- 
myelitis”’ and the high incidence of behav- 
ior disorders—38 % in 100 children. Low- 
man” recently described the well-rounded 
therapeutic program of the Orthopedic 
Hospital of Los Angeles in which the 
mental hygiene department plays a large 
rdle in assessing the social, educational 
and vocational aspects of each poliomyeli- 
tis patient. He indicates that these indi- 
viduals very commonly have trouble in 
adjusting to their future from a personal- 
ity standpoint as well as from the stand- 
point of their physical disability. Of 
pertinent interest is an interesting psy- 
chiatric study of amputees in the army by 
Randall et al.* He demonstrated that 
these physically disabled soldiers showed 
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a high incidence of anxiety and that 64% 
had trouble in adjusting themselves to 
their total life situation as cripples. 

In response to the obvious need for a 
study of the emotional impact of this 
illness on poliomyelitis victims, a study 
(Hoekstra) was undertaken at the Uni- 
versity of Colorado in the latter part of 
the recent Colorado epidemic. The pro- 
ject outlined was essentially a factual one 
and not a therapeutic set-up due to limited 
personnel. Its broad aim was to study 
the emotional impact of the illness. Case 
material was not selected except that we 
desired patients with some degree of pare- 
sis and a minimum age limit of 14. The 
latter requirement was chosen because we 
wished to have a fairly stabilized person- 
ality structure, subject to previous stresses 
and strains of adjustment, on which to 
observe the effect of the illness. No other 
limits were imposed. Of a large number 
of hospitalized poliomyelitis patients, 16 
were studied intensively during the acute 
and early recovery stages of their illnesses. 

The method of study is outlined as fol- 
lows: The patients were apprised of the 
interviewer's status and their codperation 
in a study of poliomyelitis asked. None 
rejected the study although 1 of the 16, 
a nurse, became somewhat paranoid as her 
hospitalization progressed, was very criti- 
cal of nursing and medical care, felt she 
was regarded as “psychopathic” and was 
being used as a “guinea pig.’”’ All others 
established good rapport and seemed to 
appreciate the special attention given and 
the superficial reassurance implicit in hav- 
ing an interested individual see them fre- 
quently. A “standard” history was taken 
with psychiatric emphasis on personality 
structure, past history, and the individ- 
ual’s emotional reaction to past illnesses 
and to the present illness. A thorough 
physical and neurologic survey was re- 
corded. A Rorschach test was done as 
soon as conveniently possible after the 
onset of the illness. Thematic appercep- 
tion tests are to be done during the fol- 
low-up. A social history from near rela- 
tives with emphasis on the pre-polio per- 
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sonality, past history, social adjustment 
and reaction to previous illnesses was 
requested on each patient. Inasmuch as 
this is a central nervous system disease, 
an electro-encephalogram on each patient 
After this spade work, the 
patients were seen daily and their progress 
and behavior observed. A follow-up is 
proposed during the convalescent period 
after discharge from the hospital. At 
that time their progress, neurologic status, 
attitude and affect will be observed and 
another Rorschach test will be done. 
Some difficulty in carrying out this pro- 
gram in the acute phase of the illness was 
encountered due to the patient’s rigid 
schedule of physiotherapy (Kenny hot 
packs) throughout the day as well as 
routine nursing and medical care. 


was obtained. 
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when assayed against these initial data 
in revealing psychosomatic relationships 
and indicating trends of value. However, 
this pilot factual survey does show the 
emotional impact of the disease and is of 
sufficient interest, although incomplete, to 
report here in some detail. 

Almost all the patients studied expressed 
on query a conscious feeling of shock and 
fear for their lives when they first learned 
their illness was poliomyelitis. Most of 
these 16 patients reacted initially with 
varying degrees of affective depression and 
tearfulness or a desire to cry. Almost 
every one felt that most patients with 
poliomyelitis die or are so severely crip- 
pled that they are complete invalids for 
the rest of their lives. It is interesting 
to point out that this is not an intellectual 


Fic. 1.—ILLustTrRaTIVE CONSOLIDATED CLINICAL RECORD 


NAME AND Date: J.N. 
NEUROLOGIC: Paresis: 
hand ++ and left thigh +. 
MENTAL Status: Attitude: 
cerned about return to work. 
RORSCHACH: 


Spinal Fluid: 


A ffect: 


Onset, 7/31/46; admitted, 8/5/46; interview, 8/9/46. 
paralysis of right forearm +++ and right arm +++; weakness in right 
8/2/46, Cells, 26. 
very coéperative; appears somewhat worried about his condition—con- 
appropriate; smiles readily to jokes. 
9/13/46; R-32; very ambitious extrovert beyond ability; above average intelligence; 


Age: 39. Sex: male. 


Prot.: 56. 


Other: —. 


passive trends; lively affect with considerable drive but not unstable; compulsive tendency shown 
in experience balance—a tendency to passiveness for which ambitious drive may be a compensation. 


SoctaL AND P. P. History: Personality: 


extrovert; shows a labile effect, responding to environment 
readily; outgoing in interests; describes himself as an idealist. 


Neurotic Traits: somewhat unhappy 


childhood due to parental differences, no manifested neurotic traits; average schoo! grades; married 
twice; first wife left due to irregular work record, reacted to separation with despondency and 


inclination to drink for about 1 year. 


Reaction to Previous Illnesses: 


no serious illness until age 22 


severe quinsy; was taken to hospital late because mother was Christian Scientist; had to have 


emergency operation; was despondent and worried if he ever would come out of the hospital. 
Other: father inclined to drink—was a railroad man for many years; was somewhat strict; mother 
died when patient was 24; was a Christian Scientist; very worrisome; troubled a lot by sick headache. 
PRESENT ILLNESS: About 7/31 complaining with sore neck, tiredness and that light bothered his eyes; 
had been in bed for about 10 days previously with ‘‘flu;’’ seen by railroad doctor and sent to St. 
Joseph’s Hospital 8/2; on 8/3 noticed tingling in his arms, chills and fever; an L.P. done at that 
time; when awakened 8/4, right arm was paralyzed; transferred here 8/5. Habitus: athletic 
type, always in excellent health. Reaction type summary: somewhat emotionally unstable 
extrovert who reacts to adverse circumstances with depression; otherwise personality is rather 
stable; has made a good adjustment in work and present marriage; has reacted to polio with 


moderate affective depression which responds fairly well to simple reassurance. 


In Figure 1 is shown the type of con- 
solidated record made on each patient 
from the rather voluminous clinical record 
and various laboratory procedures. As 
‘an be seen from this consolidated form, 
‘here are a number of variables in each 
vatient, any of which can be used as a 
point of departure for analysis. We be- 
ieve that the follow-up during the con- 
alescent period will be most valuable 


belief necessarily, but more an emotional 
state. This is exemplified in the patient 
in this group who was a practicing regis- 
tered nurse at the time of contracting the 
illness (R. E., Seventh patient in Table 1.) 
She had had much experience in the treat- 
ment and nursing care of poliomyelitis 
and, although intellectually aware that 
most polio victims do not die and that 
few are significantly incapacitated by 
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residual paralysis, was very emotionally 
upset, tense, tearful and aggressively re- 
sentful about her illness in a paranoid 
manner. Her only physical evidence of 
poliomyelitis was a paralysis of 
muscles in | thigh. 

We realize that this is too small a group 
of patients from which to draw valid 
conclusions. With this in mind, we have 
tried to view our findings objectively for 
trends and not conclusions. In a com- 
parison of the 5 patients with bulbar par- 
alysis (Table 1), 3 with severe spinal in- 
volvement as well as the bulbar localiza- 
tion had severe personality disruptions. 
The patient, B. R., with bulbar symptoms 
and of his arms 
showed an apparent good adjustment on 
the ward during the acute phase but 
demonstrated rigidly suppressed anxiety 


moderate involvement 


and insecurity in the psychologic test. 
These feelings later became apparent in 
his behavior during convalescence on the 
ward. One patient (C. W.) had very mild 
bulbar signs which disappeared rapidly 
so that he was able to leave the hospital 
symptom-free 16 days after the onset of 
his illness. It is obvious that bulbar 
symptoms, particularly when the ability 
to breathe is involved, are a very frighten- 
ing threat to life. It is not surprising that 
anxiety and insecurity was seen in large 
percentage in these individuals. No pa- 
tient who required the aid of a respirator 
was included in this survey. 

There seems to be little evidence of any 
relationship between the severity of spinal 
paralysis and the severity of any psychiat- 
ric symptoms. However, in looking at the 
record from the standpoint of the clinical 
psychiatric picture, 7 of these 16 patients, 
almost 44%, showed moderately severe 
to severe disturbances in thinking and 
feeling. Two (G. G. and D. R.) were 
definitely mentally deficient before polio- 
myelitis. Of the remaining 5, 2 (S. J. and 
R. E.) had good previous personality ad- 
justment as near as could be determined 
from direct interview and a social service 
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history. The remainder of this group of 
7 (J. N., W. B. and C. D.) had moderate 
to moderately severe psychiatric disturb- 
ances previously in their lives. 

From the Rorschach studies done on 
these patients, it was possible to interpret 
their basic personality pattern, to estimate 
their intellectual ability and their emo- 
tional status at the time of the test, 7. ¢., 
presence of anxiety, neurotic behavior 
patterns and degree of maturity and mood. 
Objectivity of interpretation of the records 
was maintained by having all of the tests 
examined by a trained psychologist* who 
had no other knowledge of the patients. 
All of the records showed distinct features 
of disturbance, usually in mood, feelings 
of insecurity and anxiety or somatic pre- 
Even those with apparent 
excellent adjustments to their illness 
(B. R., N. E. and B. B.) showed distinct 
abnormality in their Rorschach records. 
In 1 patient, S. J., who reacted to her 
severe poliomyelitis with marked depres- 
sion, we obtained 2 Rorschach examina- 
tions A comparison of 
these records is extremely interesting be- 


occupation. 


5 weeks apart. 


cause they show a profound disturbance 
considerable 
In the first 
record taken during the early part of her 


in her first record and a 


amelioration in the second. 


illness, we saw evidence of a traumatic 
background and some neurotic tendencies 
verified by her social and personal history 
and, in addition, a severe reaction to her 
present situation with the expression of 
tremendous insecurity, color and shading 
shock, depression of affect, a severe con- 
striction of emotional feeling and a with- 
drawal from reality. In a record obtained 
5 weeks later there was much improve- 
ment. 
material, rejection of only 1 card, reduc- 


She showed liberation of fantasy 


tion in reaction time, increase in the num- 
ber of responses and the appearance of 
material which had been 
pletely blocked by her regression in the 


first record. 


tension com- 


We believe that the convales- 


* Appreciation is gratefully acknowledged to Samuel 8. Dubin, Clinical Psychologist at the Colorado 


Psychopathic Hospital, Denver, Colorado. 


cent follow-up studies on the other patients 
will be similarly revealing. 

The initial electro-encephalogram stud- 
ies on these 16 patients are of questionable 
significance. All were normal except 4. 
One (C. W.) was a borderline record of 
doubtful significance, a reéxamination at 
the time was not obtained because of the 
patient’s early release from the hospital. 
One (D. R.) grossly abnormal record was 
obtained in an individual who had suffered 
from epilepsy since the age of 2. Two 
records (J. N. and M. I.) were grossly 
abnormal. Such cortical dysrhythmia is 
an occasional finding even in normal indi- 
viduals. It is interesting that neither of 
these 2 patients had bulbar or encephalitic 
symptoms. 

In spinal fluid studies in this group of 
patients, little or no direct relationship 
was noted between the cell count and/or 
protein content and the severity or extent 
of central nervous system involvement. 
It was felt that there was a tendency for 
a higher protein elevation in those with 
bulbar signs than those with only spinal 
involvement. This was certainly nothing 
more than a trend, however. 

It was found, as others have reported, 
that individuals stricken by this disease 
usually were enjoying good or robust 
health when suddenly afflicted. In this 
group, all of the patients but 1 were 
in robust physical health. This exception 
was C. D., a dependent, ailing, emotional 
child of 16. One patient suffered from 
idiopathic epilepsy but physically was in 
good health. 

Summary. From this preliminary study 
of 16 poliomyelitis patients selected at 
random for a factual psychosomatic study, 
it can be stated that: 1. These individuals, 
when they first realized the nature of their 
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illness, reacted uniformly with depression 
and anxiety. 

2. Those with bulbar signs in addition 
to the spinal type of paresis tend to have 
a greater psychologic disturbance than 
those individuals with only spinal in- 
volvement. 

3. These psychiatric disturbances de- 
veloping in relationship to poliomyelitis 
are reversible to some degree by psychiat- 
ric therapy as measured by the Rorschach 
test. 

4. Electro-encephalographic tracings in 
individuals with spinal and bulbar types 
of poliomyelitis show no significant dys- 
rhythmia. 

5. Spinal fluid findings are not typical 
as to the various types or degree of in- 
volvement in poliomyelitis although the 
protein content tends to be higher in those 
individuals with bulbar symptomatology. 

Conclusions. 1. A definite need for the 
study of the psychosomatic aspects of 
poliomyelitis has been expressed by many 
workers in this field. Psychiatric disturb- 
ances are rather commonly observed. 

2. No factual study with a follow-up 
through the convalescent period has been 
carried out. Some attempts at a mental 
hygiene program and psychiatric and social 
serviee help in the period of rehabilitation 
have been carried out with evident success. 

3. A preliminary report of a factual 
study of poliomyelitis in 16 patients is 
presented. It points out that these pa- 
tients uniformly experience a severe psy- 
chologic impact when learning of the 
nature of their illness which commonly 
results in functional or emotional symp- 
toms. That psychiatric therapy is needed 
during the acute as well as the remote 
convalescent and rehabilitation phases is 
obvious. 
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The Production of Hydropic Degenera- 
tion of the Islands of Langerhans by Intra- 
peritoneal Glucose Injections in the Cat. 
F. C. Donan, M.D., and F. D. W. 
LUKENS, M.D. (George S. Cox Med. Res. 
Inst., Hosp. of the Univ. of Penna). 
Previous studies have suggested that an 
elevated level of blood glucose may, under 
certain circumstances, result in lesions of 
the pancreatic islets. To study this 
question further cats were given repeated 
intraperitoneal injections of 20% glucose 
in physiologic saline. With this high car- 
bohydrate intake, extravitamins particu- 
larly thiamine were administered. Many 
cats died after a few days with a syndrome 
of anorexia, ataxia, weakness of hind legs 
and occasional convulsions. However, 
some cats did not develop this syndrome 
or recovered from it so that the injections 
could be continued for weeks. Daily de- 
terminations of the blood glucose concen- 
tration established the degree and dura- 
tion of hyperglycemia. Sections of the 
pancreas from 13 cats have been exam- 
ined. Seven animals injected from 14 to 
104 days had hyperglycemia for 9 or more 
days and showed marked hydropic degen- 
eration of the beta cells. The other 6 ani- 
mals were injected for 6 to 24 days but 
showed hyperglycemia on only 6 days or 
less. In this group the islands were nor- 
mal. In addition, in | normal cat hyper- 
glycemia was maintained for a period of 
39 days by means of glucose injections. 
After stopping the injections the cat re- 
mained severely diabetic and developed 
diabetic acidosis 22 days after the last 
injection of glucose. During this period 
of permanent post-injection diabetes it 
excreted 100% of the calculated available 
carbohydrate of its diet. 


It is believed that these findings of 


hydropic degeneration of the beta cells 
and permanent diabetes mellitus following 
prolonged intraperitoneal injections of glu- 
cose add further support to the hypothesis 
that a sustained elevation of blood glucose 
may, under certain conditions, lead to the 
production of damage to the islands of 
Langerhans in this species. Other dis- 
turbances which might be responsible 
wholly or in part for the island lesions 
are under study. 


The Effect of Detergents and Semi- 
detergents Upon the Resting Potential of 
Muscle. Rupotr Héser, M.D. (Dept. 
of Physiology, Univ. of Penna.). The 
effect of detergents is due to the non-polar- 
polar configuration of their ions, the non- 
polar part of the effective ion being organo- 
philic, the polar hydrophilic. In the ordi- 
nary technical products, the organophilic 
part contains alkyl chains of various length 
and the hydrophilic part sulfonate or sul- 
fate. The alkyl chains by their surface 
activity adhere to many organic sub- 
stances, among them cell surfaces, and, 
due to the pull of the hydrophilic sulfo- 
nates towards the water, they can disin- 
tegrate non-living and living colloidal 
aggregates (irreversible denaturation, tr- 
reversible bacteriolysis). By applying de- 
tergents containing alkyl chains shorter 
than present in the technical products (1 to 
5 alkyl groups instead of 8 to 12), reversibl. 
physiologic effects are released, for instance 
in muscle resting potentials of various 
strength and direction and rise or fall of 
excitability. 

These properties are shown to be sig- 
nificant not only to detergents having the 
typical molecular configuration, but also 
to substances somewhat deviating from 
the ordinary structure by variations in the 
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organophilic or in the hydrophilic compo- 
nents. I have called them semidetergents. 
They have been found among the metab- 
olites of the body (for example as de- 
toxication products) and among some 
kinds of drugs (for example, as derivatives 
of sulfa drugs). They might be significant 
as being activators of resting cells, to throw 
them into function. 


The Oxygen Metabolism of the Dog’s 
Heart. J. E. Eckennorr, M.D., J. H. 
HAFKENSCHIEL, M.D., and C. M. Lanp- 
MESSER, M.D. (Dept. of Pharmacology 
and Harrison Dept. of Surgical Research, 
Univ. of Penna., and Dept. of Anesthesi- 
ology, Hosp. of Univ. of Penna.). In 
spontaneously breathing dogs lightly an- 
esthetized with nembutal, coronary blood 
flow was measured by a method already 
described (Am. J. Mep. Sct., 212, 123, 
1946); cardiac oxygen consumption was 
estimated from this and the coronary 
arteriovenous oxygen difference. The ven- 
ous samples were collected directly from 
the great cardiac vein; from the curves 
representing the uptake of nitrous oxide 
during inhalation of that gas, and from 
the fact that the venous outflow ceased 
entirely during occlusion of the corre- 
sponding coronary artery, we concluded 
that this was uncontaminated coronary 
venous blood whereas samples collected 
from the coronary sinus were not. 

The average oxygen consumption of 
the heart (left ventricle) under “normal” 
conditions was 9.1 ce. per 100 gm. per 
minute (s.d. + 1.1). 

Cardiac oxygen consumption showed 
excellent correlations with coronary blood 
flow (r = 0.85), coronary resistance (r = 
.77), and blood pressure (r = 0.67). It 
vas not closely related to cardiac output, 
rv to cardiac work (7. ¢., cardiac output X 
nean blood pressure); the data bearing 

n this suggested systematic variations in 
ardiae efficiency (7. ¢., work per unit of 

xygen consumed) depending on whether 
he work changes was produced by change 
1 the peripheral resistance or in cardiac 
utput. 


This was borne out by 4 experiments 
in which peripheral resistance was _ pri- 
marily increased and decreased by clamp- 
ing and unclamping the aorta just below 
the diaphragm, and another 4 in which 
cardiac output was primarily increased by 
intravenous infusions of gelatin or blood. 
In the former cardiac output and cardiac 
work decreased, while in the latter they 
increased; cardiac oxygen consumption 
increased in all cases but cardiac efficiency 
decreased in the former, increased in the 
latter. Under these circumstances there- 
fore cardiac efficiency varied directly with 
the cardiac output and inversely with the 
peripheral resistance. 

Under “normal” conditions the oxygen 
content of arterial, mixed venous and 
coronary venous blood averaged about 20, 
15 and 5 vols. % respectively; even when 
the circulation was markedly depressed 
the latter seldom fell below 2 vols. % and 
sometimes its oxygen content was higher 
than that of mixed venous blood.  Evi- 
dence was obtained that the heart has 2 
protective mechanisms in circulatory de- 
pression: (1) the fraction of cardiac out- 
put passing through the coronaries then 
increases, while (2) cardiac work decreases, 
and with it the need of the heart for 
oxygen. 

The intrinsic control of the coronary 
circulation was found to resemble that of 
the cerebral both in independence of vaso- 
motor innervation and in dependence on 
the metabolic requirements of the tissue. 
Under the existing experimental condi- 
tions, at least, the resistance in the coro- 
nary circulation was governed predomi- 
nantly by the existing oxygen consumption 
of the heart. 


Cytochrome C in Regenerating Rat Liver 
and Its Relation to Other Pigments. 
W. and Davin 
L. (fromthe Dept. of Physio- 
logical Chemistry, School of Medicine, 
Univ. of Penna.). Partial hepatectomy 
(liver lobectomy ) is proposed as a technique 
in the investigation of the metabolism of 
tissue constituents. Owing to the multi- 
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lobed character of rat liver and the ana- 
tomic constancy of relationship of indi- 
vidual lobe weights to total liver mass, 
this technique has the advantages of ease 
of applicability and quantitative repro- 
ductibility. Analytical values upon the 
tissue excised at hepatectomy serve as 
“internal’’ controls, yielding the concen- 
tration and total quantity of constituents 
in the remaining liver tissue (A ralues). 
Regeneration (restoration) of tissue after 
excision of approximately two-thirds of the 
liver is relatively rapid (about 80% resto- 
2 weeks). 
and total quantity of the desired constitu- 


ration in The concentration 
ents are now obtained upon the restored 
liver after sacrifice of the animal (B values). 
B values — A values = new material which 
appears during regeneration. 

This type of “depletion technique” has 
been applied to a study of the rate of pro- 
duction of cytochrome c. 
tive period of 14 days, the total increase 


In a postopera- 


in new cytochrome c in liver was 571 gam- 
ma, or a daily increment of 41 gamma. 
Since the total cytochrome c in the re- 
stored liver averaged 1313 gamma, 41 gam- 
ma represents a daily increment of 3.5%. 
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This rate of appearance of new cytochrome 
c compares favorably on a percentile basis 
with that of hemoglobin production in 
dogs depleted by Whipple’s hemorrhage 
technique.” 

The interpretation of the results has 
been aided by the content of 
water and protein-bound phosphorus (as 
an index of cellularity!) and by supple- 
mentary analysis for cytochrome ec in 
skeletal muscle, kidney cortex and heart. 
While it is most likely that the new cyto- 
chrome c in liver has been produced in 
the regenerating tissue, the present ex- 
periments have not excluded the possi- 


data on 


bility that the new cytochrome c in liver 
may have been transferred to this tissue 
from skeletal muscle. 

Sufficient analytical data have been 
accumulated to permit a reliable estima- 
tion of the total cytochrome c, myoglobin, 
and hemoglobin of a young, adult albino 
rat (reference body weight 250 gm.). The 
quantities in descending order were hemo- 
globin 3190 mg., myoglobin 101 mg., and 
The ratio of these 
main hemin derivatives is therefore 222: 


cytochrome c 14.4 mg. 


7:1 in this species. 
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STARLING’s PRINCIPLES OF HUMAN PuHySIOL- 
oay. Edited and revised by C. Lovatr 
Evans, D.Sc., F.R.C.P., F.RS., LL.D., 
Jodrell Professor of Physiology, University 
College, London. With chapters on the 
special senses by H. Harrringe, M.A., 
M.D., Se.D., F.R.S., Professor of Physiol- 
ogy, St. Bartholomew’s Medical College. 
9th ed. Pp. 1155; 668 ills., including 7 
in color. Phila.: Lea & Febiger, 1945. 
Price, $10.00. 

AmonaG the half-dozen or so recent com- 
prehensive textbooks of human physiology 
in English the ninth edition of Starling, like 
its 8 predecessors, occupies a place not com- 
pletely shared by any of its rivals. Among 
its prominent characteristics are breadth of 
view, clarity of statement, emphasis on 
normal physiologic processes rather than on 
clinical problems, and especial fullness of 
treatment of basic chemical and physical 
principles. Its position as perhaps the most 
general of all the modern textbooks is 
further strengthened in the present edition 
by an innovation in the form of brief histori- 
eal reviews at the beginning of each of its 
main sections. These are said in the Preface 
to have been introduced as an experiment; 
to the Reviewer, at least, the success of the 
experiment already seems obvious. The 
general arrangement of the subject matter 
is much the same as in the earlier editions, 
but a considerable amount of new material 
has been added. An unusually large num- 
ber of well-chosen illustrations and numerous 
references to the original literature in con- 
venient footnote form are additional valu- 
able features of a generally admirable work. 

M. J. 


PHYSICAL TREATMENT BY MOVEMENT, Ma- 
NIPULATION AND MassaGe. By James B. 
MENNELL, M.A., M.D., B.C. (CANntTap.), 
Consulting Physical Therapist, St. Thom- 
as’s Hospital, and late Lecturer, Massage 
Training School. 5th ed. Pp. 512; 288 
ills. Phila.: Blakiston, 1945. Price, $7.00. 
Tue first edition of this book was pub- 

lished during World War I, and this fifth 

during World War II. Thus, his work has 
spanned that quarter of a century which 
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has seen so many changes and advances in 
Medicine as a whole, and has witnessed 
the renaissance or resurgance of interest 
in Physical Treatment. 

Successive editions have kept pace with 
the newer techniques which have been 
developed during the intervening years. 
The original sections on Massage were so 
firmly grounded on scientific and physio- 
logic principles and so clearly presented that 
there was little need for additions in the 
present edition. Indeed, it is not too much 
to say that, throughout the English-speak- 
ing world, Mennell’s book is generally re- 
garded as the standard work on massage. 

The author summarizes well the physical 
treatment of infantile paralysis, but has not 
given sufficient credit to Sister Kenny. 
Whatever deficiencies there are in the Kenny 
Method, it is used in toto, or in a modified 
form, in nearly all the institutions and 
organizations in this country where infantile 
pacalysis cases are treated, and also in many 
parts of the British Empire. To put it 
differently, Sister Kenny has done more to 
systematize the physical therapy of infantile 
paralysis than any other person. 

The Preface to the first edition, which is 
included in the present edition, reveals the 
author as something of a prophet. In these 
days of renewed interest in Physical Medi- 
cine it is interesting to read what he wrote 
28 years ago. 

All physicians practicing Physical Medi- 
cine, as well as physical therapists, should 
own this book. They will be amply repaid 
by reading it because of the solid scientific 
material it contains, presented in Mennell’s 
facile style, which might well be the envy 
of many writers of non-technical books. 

S. H. 


AMERICAN FoUuNDATIONS FOR Social WEL- 
FARE. By SHecsy M. Harrison and F. 
Emerson ANDREWS, Russell Sage Founda- 
tion. Pp. 249; 4 ills. Brattleboro: 
Hildreth, 1946. Price, $2.00. 


Tue authors, who are associated with the 
Russell Sage Foundation, have compiled in 
this book valuable information concerning 
the origin and organization of Foundations 


in America. Chapters are devoted to the 
description of the types of Foundations, 
organization and administration, and the 
fields of activity. The problems related to 
the financial aspects of Foundations are also 
discussed. There is included a comprehen- 
sive list of 505 American Foundations in- 
cluding a description of their purpose and 
activities, a statement of their capital assets, 
and recent expenditures. W. S. 


ELECTROCARDIOGRAPHY. Including an Atlas 
of Electrocardiograms. By Louis N. 
Katz, A.B., M.A., M.D., F.A.C.P., Direc- 
tor of Cardiovascular Research, Michael 
Reese Hospital, Chicago; Professorial 
Lecturer in Physiology, University of 
Chicago. 2nd ed. Pp. 883; 525 ills. 
Phila.: Lea & Febiger, 1946. Price, 
$12.00. 

Tuts comprehensive text of electrocardiog- 
raphy has been revised and enlarged. A 
bibliography has been appended to each 
chapter. There are numerous summarizing 
tables. Illustrative tracings usually include 
the chest leads CF2, CF4 and CF5. There 
are full discussions of physiology in relation 
to electrocardiography. The sections on 
myocardial damage are notable for the 
reproductions of serial tracings taken at 
various stages of the illness. W. J. 


GENERAL AND Surcery. By J. 
EASTMAN SHEEHAN, M.D., Professor of 
Plastic Reparative Surgery, New York 
Polyclinic Medical School and Hospital. 
Pp. 345; 496 ills. New York: Hoeber, 
1945. Price, $6.75. 

Tus book admirably covers a broad field. 
The author draws heavily upon recent war 
experiences in Spain and England for mate- 
rial to demonstrate traumatic and recon- 
structive surgery. Such fundamentals as 
early wound débridement and treatment of 
abdominal cavity trauma are stressed, as 
well as the definitive or reconstructive 
stages of plastic repair of special regions. 
The patient is considered as a therapeutic 
entity and is followed from the time of 
wounding to the stage of final cosmetic 
repair. Appropriately placed emphasis on 
the plastic reconstructive phase of injuries 
accompanies descriptions of early manage- 
ment, and there is no preponderance toward 
specialized uncorrelated plastic procedures. 
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The volume will be valuable for the 
military or industrial surgeon who may have 
a special interest in plastic surgery. The 
problems of hand infections, burns, head 
trauma and peripheral nerve injuries so 
common in industrial practice are treated 
in adequate detail for use by one trained 
in general surgery. The very diversity of 
the text and its excellent correlation be- 
tween the principles of general and plastic 
surgery, in the words of Churchill, provide 
a guide for the “general plastic surgeon.” 

The author’s civilian experience is well 
shown in the chapter on plastic surgery of 
the nose and cleft deformities of the face 
and palate. The brief, clean-cut descrip- 
tions, elimination of outmoded methods of 
repair, and simplified illustrations make the 
text readily usable. 

The entire volume is profusely illustrated 
with drawings and photographs. H. R. 


FRACTURES OF THE Jaws. By Rosert H. 
Ivy, M.D., D.D.S., F.A.C.S., Professor of 
Plastic Surgery, School of Medicine and 
Graduate School of Medicine, and of 
Clinical Maxillo-Facial Surgery, School of 
Dentistry, University of Pennsylvania; 
Chief of Plastic Surgery, Graduate Hospi- 
tal, ete.: Medical Officers Reserve Corps, 
U.S. Army; and Lawrence Curtis, A.B., 
M.D., D.D.S., F.A.C.8., Associate Pro- 
fessor of Plastic Surgery, Graduate School 
of Medicine; Assistant Professor of Maxil- 
lo-Facial Surgery, School of Dentistry, 
University of Pennsylvania; Chief of Oral 
and Plastic Surgery, Bryn Mawr Hospital, 
etc. 3rd ed. Pp. 174; 199 ills. Phila- 
delphia: Lea & Febiger, 1945. Price, $4.50. 
Tue 3rd edition of this “old favorite’’ is 

well received at this time. Its reémphasis 

upon the simpler methods in the manage- 
ment of jaw fractures coincides with the 
return to civilian life of numerous physicians 
and dentists who had been engaged in 
handling gunshot fractures in the armed 
forces. Many of these individuals, who may 
have had no prior interest in maxillo-facial 
injuries may desire to continue their work 
in this field, and this book provides an 
excellent background for both dentist and 
surgeon. 

As indicated in the Preface to the Ist 
edition of this work, most of the measures 
used in treatment can be performed without 
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the services of a highly technical dentai 
laboratory, and they are, therefore, within 
the reach of the professional stati of any 
hospital or of any dentist. The surgeon in 
charge of these cases, although he may not 
be a maxillo-facial specialist, must see to 
the completion of the detailed treatment if 
he receives them under his care. The 
simplicity of approach and clear descriptions 
and illustrations make this task an easier one. 

The additional chapters on radiographic 
technique by Dr. LeRoy M. Ennis and on 
dietary management by Dr. Clyde W. 
Scogin are timely. Often mistakes in treat- 
ment occur that are due to ineffective liaison 
between oral surgeon and radiologist. The 
latter may fail to understand the type of 
film desired and the reasons thereof, and 
the clinician frequently does not make his 
meaning clear to the radiologic consultant. 
Study of this chapter by both radiologist 
and oral surgeon is recommended. 

The outline of feeding by Dr. Scogin com- 
pletes the picture of modern management in 
jaw fractures. Although the diets given are 
qualitatively adequate, it is questioned 
whether they contain sufficient protein for 
optimum wound healing, and it is antici- 
pated that they will need to be supplemented 
with powdered milk or a protein digest. 


H. R. 


CORNELL CONFERENCES ON THERAPY. Vol- 
ume I. Edited by Harry Gotp, Manag- 
ing Editor, Davin P. Barr, McKrren 
CaTTELL, Evcene F. Dv Bots, and 
CuarRLes H. Wueeter, Editorial Board, 
Cornell University Medical College. Pp. 
322. New York: Macmillan, 1946. Price, 
$3.25. 

Tuis volume is simply an edited record 

f a selected series of round table forums 

m various problems of therapy, ranging in 

time from 1939 to 1946. It includes discus- 

‘ions by several different physicians, pharma- 

‘ologists and students on each of the follow- 

ng subjects: (1) The Doctor’s Bag, (2) 

‘se and Abuse of Bed Rest, (3) Hypnotics 
nd Sedatives, (4) Psychologie Aspects of 
he Treatment of Pain, (5) Surgical Meas- 
res for the Relief of Pain, (6 and 7) Treat- 
lent of Heart Failure (I and IT), (8) Digi- 
ilis vs. Digitoxin, (9) The Use of the Mer- 
irial Diuretics, (10) Treatment of Subacute 
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Bacterial Endocarditis, (11) Management of 
Abdominal Distention, (12) Treatment of 
Some Intestinal Infestations, (13) Treat- 
ment of Some Common Diseases of the Eye, 
(14) Treatment of Poisoning, and (15) 
The Rh Factor in Therapy. 

Each chapter is printed in conference form 
with an authority on the topic delivering 
a prepared introduction. The remainder of 
each conference is devoted to informal and 
extemporaneous discussion covering patho- 
logic physiology, drugs and therapeutic pro- 
cedures as related to the particular subject. 
Consequently one gets several different 
authoritative views on controversial matters. 
These discussions are, for the most part, 
interesting and stimulating. The editors 
have not attempted to provide a textbook 
on therapy. H. H. 


NEW BOOKS 


Daniel Coit Gilman. By ABRAHAM FLEXNER, 
M.D. Pp. 173; 3 ills. New York: Har- 
court, Brace, 1946. Price, $2.00. 

Tuts small book about a great educator and 
the first president of Johns Hopkins University, 
written by another famous Hopkins man, is a 


timely contribution to thought upon higher 
education. 


The Centennial of Surgical Anesthesia. Com- 
piled by Joun F. Furron, M.D., and 
MabDELINE E. Stanton, A.B. Pp. 102; 
9 ills. New York: Schuman, 1946. Price, 
$4.00. 


AN annotated catalogue of books and 
pamphlets bearing on the early history of 
surgical anesthesia that is compact and thor- 
ough. 


Clinica y Laboratorio. Interpretacién y 
critica de los métodos y resultados de los 
Analisis Clinicos. Por el Dr. Gustavo 
PirraLuGa, Catedratico de la Facultad de 
Medicina de la Universidad de Madrid, 
con la colaboracion de los DocrorEs 
ENRIQUE GALAN, ANTONIO GUERNICA. 
Pp. 459; 94 ills. Habana, Cuba: M. V. 
Fresneda, 1946. Price, $9.00. 

Tuts is a useful book for readers of Spanish. 
The work of the distinguished Professor of 
Medicine at the University of Madrid, its 22 
chapters cover various methods of examinations 
of body fluids and functional tests of viscera; 
also virus, fungus and parasitic infections, hor- 
mone, biopsies and so on. 
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NEW EDITIONS 

Hygiene. By J. R. Currip, M.A. (Oxon.), 
M.D., LL.D. (Gtas.), D.P.H. (Brro.), 
F.R.C.P. (Epin.), Professor-Emeritus of 
Public Health, University of Glasgow, and 
A. G. Mearns, B.Sc., M.D., D.P.H. 
(Guas.), F.R.S. (Epin.). 2nd ed. Pp. 
432: 89 ills: Baltimore: Williams & Wil- 

kins, 1945. Price, $6.00. 
luis edition has been valuably enlarged to 
include the information upon the subject that 


has been developed due to experiences of World 


War II 


Medical Uses of Soap. Edited by Morris 
FIisHBEIN, M.D. Pp. 195; 41 ills. Phila- 
delphia: Lippincott, 1946. Price, $3.00. 

Turis second printing of a_ well-integrated 
Symposium includes a new chapter on the 
Surgical Uses of Soap. The book appears to 
gratify a need. 


Manual of Applied Nutrition. Compiled by 
HELEN BAUGHMAN, KaTHLEEN M. LEwis 
and E.orse R. TreascHer. Pp. 103. 
Baltimore: The Johns Hopkins Hospital, 
Dietary Dept. 2nd ed. 1946. Price, 
$1.50 


AND NOTICES 


Essentials of Medicine. By CHARLES PHIL- 
Lips Emerson, Jr., A.B., M.D., Assistant 
Professor of Medicine, Boston Univ. 
School of Med., and James ELIzABETH 
Taytor, R.N., B.S., M.Eb., Nursing 
Education Consultant, U. 8S. Public 
Health Service. Pp. 688; 201 ills. Phila- 
delphia: Lippincott, 1946. Price, $3.50. 

Tue fact that this is a 15th edition estab- 


lishes the book’s usefulness by the empirical 
method. 


Nutritional Charts. By the Starr, Research 


Dept. Pp. 47. Pittsburgh: Heinz. 12th 
ed., 1946. No price given. 


Hygiene. By F. L. Merepitu, B.Sc., 
M.D., Professor of Hygiene and Public 
Health, Tufts College. Pp. 838; 155 
ills. Philadelphia: Blakiston, 1946. 
Price, $4.00. 

A welcome 4th edition of a valuable and 
sound book for college students and, indeed, 


all educated persons interested in their own 
health as well as in public health 
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